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OPENING SPEECH 

ER0FFNUN65HEDE 


Ladies and Gentlemen. 

In the name of the RWTH Aachen, one of the largest Technical Universities in 
Western Europe, I have great pleasure in welcoming you all to the Mohenjo -Oaro 
seminar Although it was arranged at such short notice, T am delighted that so 
many of our colleagues managed to come in spite of their many duties. 

I would particularly like to welcome our honoured guest this weekend. Dr. 
Mohammed Rafique Mughal. Karachi, At present. Or.Mughal is carrying out research 
work at the National Museum in Bahrain and came ail the way to Aachen specially 
foHr this seminar, 

I would also like to say a warm word of welcome to all the others who had to 
travel long distances in such had winter weather in order to be with us, and of 
course to our colleagues from various departments of our university who are 
present in large numbers. 

In this connection l want to express my sincere thanks to the staff of the 
Department of Geodesy for letting us use their seminar room as a lecture hall 
and for offering to demonstrate the use of their phutogrammetnc equipment this 
afternoon, 

Prof.Hektor has also very kindly put the top floor of this building at our dis¬ 
posal, and tonight it will be turned into a reception room with a view of Aachen 
by night. 


Before going on to outline the general aims of the seminar, I would like to say 
a word about the Mohenjo-Oaro Prciect in the content of the Technical University 
of Aachen, 

True to its name, our university is strongly orientated towards technical 
subjects and we are proud of its reputation in many fields. It is only in rela¬ 
tively recent times that the humanities have also found a place in the curri¬ 
culum. and in my official function as Vice-ChanceLlor of the university, 
"Rektor'" in our language, I am naturally interested in encouraging interdisci¬ 
plinary cooperation between the arts and sciences. The Mohenjo-Darp Project is a 
good example of such cooperation which promotes academic tolerance on both 
sides. 

The Departments of Mineralogy. Mineral Mining and Geology have all offered their 
assistance to the Project in one form or another, I already mentioned the 
practical help given to us by the Department of Geodesy in organizing this semi¬ 
nar; but it must be mentioned that our learned colleagues have also shown great 
academic interest in the project over the past two years and the papers read 
during the seminar will be included in one of their series of publications. 


However. I am not only here as Vice-Chancellor of a Tec 
keen interest in promoting understanding between the v 
but also as the chairman of the Mqhenjo-Daro Research 
personal interest that I have followed the development 
Project from very modest beginnings to its 
interdisciplinary cooperation has become not only desir 


hmcal University with a 
a nous fields of learning 
Project, It is with great 
and expansion of the 
present stage, where 
able but absolutely 
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necessary. Therefore I am delighted that the seminar has attracted so many 
guests from other departments and institutions, and I nope that the Project may 
profit from further contacts made during this seminar. 

Apart from providing a forum for interdisciplinary discussion, the seminar also 
gives the Project members the opportunity to show trow far they have proceeded 
with the share of work they are responsible for and to explain their results at 
this mid-way stage. Discussions with experts engaged in other fields is 
necessary because the Project has grown more ambitious in its aims than anyone 
could have foreseen. 

Our initial aim was simply to document the present state of the excavated archi¬ 
tectural remains in Hohenjo-Daro, This undertaking lay within our technical and 
organisational capacity and, indeed, the documentation of the site is still our 
foremost aim. However, work on the site in Pakistan soon showed that things were 
not so simple and that additional investigations would be necessary in order to 
complete the documentation. 

First, we discovered that the excavated structures had decayed so much that a 
chemical analysis of the salt content of the bricks would have to be carried 
out. Secondly, the existence of craftsmen's work areas revealed by surface 
survey and the poor present condition of the surface itself mean that a tethered 
hot-air balloon will have to be used for taking aerial photographs of the site. 
Thirdly, new finds on the surface need to be documented and interpreted from the 
archaeological point of view. For these reasons we have turned to experts in 
photogrammetry and archaeology for help. Fourthly, we rediscovered the field 
registers drawn up by the early excavators of the site in the »92(Ts. and we 
hope to discuss with our learned guests the possibility of working together on 
an analysis of the primary positions of the registered artifacts in order to 
learn more about their relationship towards the structures concerned and their 
functional interpretation, should we get the necessary permission from the 
Pakistani Government to do so. Fifthly, the results of recent investigations in 
the area around the excavated section show that Mohenjo-Haro is far larger than 
we had thought. 

These are the main reasons why the Project has expanded so much over the years. 

Up to now our photographic documentation has been making satisfactory progress 
and today T am i n position to present the first part of our microfiche publi¬ 
cation which will comprise about 15.000 photographs altogether. We also plan to 
publish a monograph on Hohenjo-Daro in the near future. As I have already 
mentioned, the Project is at a mid-way stage and we Can only present the results 
we have achieved so far. 

The third phase of our work in Pakistan will start in January igaz. During this 
season, we aim first to finish correcting the material collected so far. second¬ 
ly, to document the Stupa area, and finally to start a surface analysis under 
the direction of our Italian colleagues, [n the fourth season, then, we plan to 
examine the DK-6 area, [f everything works out according to plan, we hope that 
by 1904 we will not only have collected all the data we need but that it will 
also have appeared in print. 

While still on the subject of work in progress. 1 would like to mention that our 
honoured guest. Or.Mughal, has discovered about 300 ’new" Harappan sites in 
Bahawalpur, We are looking forward to learning more about his discoveries which 
may show that the whole Cholistan region might have been one of the principal 
formative and mature Harappan settlement areas. 

One of the mam difficulties archaeologists encounter is the lack of adequate 
accommodation on sites which are often very far away from the nearest village. 
As Pakistan is no exception in this respect we plan to build a small house in 
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Mohenjo-Oaro where archaeologists can work in suitable conditions. We hope that 
this house will one day become the centre of Harappan research and attract local 
interest in the ancient culture of the area,/W 

To further this aim we also plan to organize an instruction course in Pakistan 
to train local architects and archaeologists in the use of special methods of 
documenting historical structures. The organisation of this training course will 
be discussed in more detail at a seminar to be held in Karachi in March 1982 on 
the preservation of historical structures in that city. 

This seminar will be financed by the Goethe Institute and partly organized by 
the Pakistani Society for the Preservation of Muslim Heritage. 

I might also mention ar> exhibition we are holding in Karachi in February 1982 on 
the results of our documentation of the ancient site of Thatta,/?/ 


Ladies and Gentlemen, 

I may close by expressing the hope that not only the members of the 
Project will benefit from the stimulating lectures and discussions 
us. but that our guests, too. will leave Aachen with a sense 
profitably spent. 

The interdisciplinary and international cooperation which I referred 
Can, in our opinion, be best promoted through a seminar such as this 
On this note, 1 wish the seminar every success. 


Mohenjo-Daro 
in store for 
of a weekend 

to so often 


NOTES 

/!/ In the meantime the German Research Projett 'hohrn]o-tUro 1 received tha permission to use the 
lot a I Pakistani Tourist Hoard Centre bungilo* n a research house. 

/?/ The Jif(ct(dingt of this seminar mill tie published by the Goethe Institute, Karachi. 


Heine sehr verchrten Damon, memo Herren, 

1870 heiflt es in unserer Grundungsurkunde; die Technische Hochschule Aachen hat 
wine interessanie und wichtige Aufyabe j-g orfullen: die Aufgabe. das vermitteln- 
de died zu w«rden zwischen Wissertscha ft und Praxis, zwischen rtem Quell des 
Wissens. ungebeugt durch $chwier»gkeiten drinnon und den verschiedenen Fweigen 
der Gewerbsamkeit und Technik drauften. 

110 lahre smd seitdem vergangen, doch die damns formulierte Aufgabe ist in 
ihrem Kern vorhanden und lehendig gebliehen. Man sagt, daft ein Land ohne 
GeschichtsbewuDtsein wie ein Meensch ohne Gedachtnis ist * ubertragen auf die 
Geschichte unserer Hochschule heiflt dies; GebLieben ist im Bewufltsein das Pro¬ 
blem der Erkenntni ssuche und seiner Emgrenzung, 

Niemand wird den Menschen als em denkendes Wesen daran hindern, das Erkennbare 
zu nennen, zu versuchen, doth soilte es unser aller Aufgabe sein. die Freiheit 
der Wissenschaft und Forschung in ein Verhaltnis zur Bewahrung der ellgememen 
Freiheit zu setzen. 

Das aber smd Einsichten, die letztlich die bis in die Fruhzeit der Universi- 
tates selbst zuruckreichen, also bis um 1200, als in Bologna und Paris die 
Mutter-Universita ten aller europaischen Universitaten entstanden. Und seit 
dieser 2eit wircf uber Leistung wie €iitenbiLdung diskutiert. £s steht auBer 
Zweifel, fortschritt in der Wissenschaft entwickelt sich zunachst durch die 
Leistung des Einzelnen, der den Durchbruch in unbekanntes Neuland erzielt, 

Dahinter steht die trkenntms ernes bewuflten Willens zur Qualitat. Mur Qualitat 
erzeugt wieder Qualitat; MittelmaD hochstens Mittelmaft oder noch schlimmeres. 

0 u a i i t a s . so verstanden, beinhaltet Missen und Gewissen zugleich, 
Freiheit und Verantwortung, Hier hinein mimaet die neue heutige Form der 
wissenschaft lichen Teamarbeit. 

Es klirtgt noch heot# trdstlich. und wirft ein bezeichnendes Licht auf jene, so 
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□ft gerugten Jahrzehnte 
patron der Technik, die 
stand ns ernes Ausbaues T 
praktische TbIX des 
Zeichnen als praktische, 
tektur als histonsche Gr 
prozefl unserer TH worn er 
university s 


des aysgehenden T9, Jahrhijnderts„ daS pel der Emanzr- 
im 0ewuBtsein der Gesellschaft wesentlich zum Ver- 
echnischer Hothschulen beitrug, der tiheoretische und 
ingeniums Hodellieren und Malen, Entwerfen und 
Kunstgeschiehte und Baugeschichte samt antiker Arebr- 
□ndlagen wie selbstverstandlrch in den Ausbiidungs- 
sten Jahr der Grundung integriert wurden - im Sifine van 


als Einheit in der Vieifalt, 


IN NECESSARIIS UNITAS 
IN OUBIIS LI BERTAS 
IN OMNIBUS CAR ITAS 

IM NOTMENDIGEN EINHEIT 
IM ZWEIFEL FREIHEIT 
IN ALLEM VERSTANDNIS 



J1. RAF l DUE ttUGHAL 
DIRECTOR EXPLORATION 1 
ARCHAEOLOGICAL SURVET OF PAKISTAN 


CURRENT RESEARCH TRENDS ON THE RISE OF INDUS CIVILIZATION 

TRENDS IN OER FORSEHUNG UiEfi DIE ANFANGE DER INDUS-KULTUfl 


ZUSAHHENFASSUNG 

Intensive Grabungen und Oberflachensurveys vor 
aliem wahrend des letzten Jahrzehnts art alten und 
neuen Fundort&n wl* ftot Diji, Amri „ Kalibangan, 

Gumla und Rahman Dheri im Indus Gebiet machen eine 
gruntilegende Revision der bisherigen Annahmen uber 
die Ursprunge und Anfange der I ndus-Kulfeur 
notwendig, 

Die Auswertung des Kot Di^i Materials (vor allem 
Keramikreste)p das stratigraphisch und chrono- 
logisch (C-H Unter&udhungen) mindestens 500 Jahre 
fruder anzusiedeln ist als das der maturen Phase 
der Barappa-Kultur (24QQ-19Q0 u.Chr.J + zeigt eine 
Kon t l nu j. t a t der kulturellen Traditionen von den 
tieferen Kot Diji Schicftten bi$ zu den oberen 
Schichten der Harappa-Kultur. 

Dies beweist nicht nur H daR die Kot Di}i 
Siedlungen eine fruhe Entwitklungsstufe (formative 
Phase! der Harappa-Kultur und nicht eine von 
dieser Kultur losgeloste Vorstufe darstellen, son- 
dern auch, daB das Industal einen eigenstandigan 
Kulturraum darstellt, der ohne die Einflusse 
anderer Kulturen entstand und sich entwickelte. 

Few sites in South Asia have become as much focus of discussion as that of Kot 
Diji in the last few years. Ever since the excavations at Kot Dili nearly thirty 
years ago M/* this small site has continued to figure in the conceptions 1 
approaches to the origins of civilization in the Indus Valley, The 
archaeological evidence pertaining to the earliest or first settlement at Kot 
Diji which was originally labelled "Kot Digian", has become a basic frame of 
reference for reconstructing a relative chronology of the early sites of the 
fourth and early third millennia B.C* in the Greater Indus Valley, drained by 
the Indus and its present and former Tributaries including the now dry Ghaqgar - 
Hakra rivers /?/. 

Our knowledge on the Kot Oiji material relics - especially ceramics and their 
geographical extent - has increased considerably due to further explorations and 
excavations, but the type-site has yet to be reinvestigated although most of the 
new evidence is being compared with Kot Diji, 

It is felt that a fresh review of the known evidence as published by the 
excavators and the results of further analyses is necessary in the context of 
development of various conceptual approaches to the rise of the Indus 
Civilization. 

The visible remains of Kot D 131 cover an area of £00x500' approx . 4 which in¬ 
cludes a fortified mound h k* fcitadel } of * 0 k height and an adjoining unwalled 
area called B + (lower city!. During three and a half months of excavations in 
1954 and t55f by Dr,F.A r Khan. an area of ,GOQ sq.ft, was exposed which 
constitutes nearly t/IOth of the site. 

Deep diggings carried out down to the natural bed rock established that the 
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existing 40’ height of the citadel mound consisted of two major occupations: 

1. An early 17' thick deposit containing distinctive Kot Dijian pottery and 
associated materials with structures of mud and mud-brick including a strong 
fortification wall built on stone foundations: and 

2. cultural layers of 21" thickness, above belonging to the mature stage of the 
Indus civilization contemporary with the known levels of Mohengo-Daro, The 
earliest or first settlement below layerUJ - called Kot Dijian - is our 
primary concern in the present context. 

Two Radiocarbon dates from one of the deep trenches dug at the citadel mound 
placed the Kot Dijian occupation between 2590 and 3155 8.C. (with HASCA 
corrections). 

The earliest layers of the settlement outside the fortified area correspond in 
time with the middle Kot Dijian levels and were dated 2805 - 2685 B.C. /3/, 

No C-14 date is available for the upper Mature Harappan occupation at Kot Digi 
but its contemporaneous materials at Mohengo-Daro are dated between 2060 and 
2583 B.C. 

Thus, the Kot Digian occupation turned out to be at least 500 years older than 
the fully urbanized stage of the Indus Civilization as represented at 
Mohengo-Oaro. 

The beginnings of the Kot Dijian occupation could be dated even earlier than 
3 155 B.C. because the Radiocarbon date comes from layer UW which is located 
above two occupations at the bed rock. It is furthermore pointed out that the 
Kot Dijian wheeimade pottery is found in few numbers as intrusive element in the 
mostly handmade pottery assemblage of the first period IA at Amri, located in 
the south-eastern part of Sind on the right bank of the Indus River, 

The second period IB above at Arnri is dated by Radiocarbon to 35*0 B C 
fTF-864). 

Therefore, the earliest period IA at Amri, containing characteristic Kot Dijian 
pottery forms and surface treatment must be earlier than the middle of the 
fourth millennium B.C. It is possible that the early stage of the Kot Dijian 
material traits appeared in the Greater Indus Valley much earlier than 
previously thought, extending back to the first half of the fourth millennium 
B.C. but sufficient evidence is still awaited. 

The C -11 dates and stratigraphical evidence confirmed the the chronological 
priority of the Xot Oigian contents which characterized the Indus Civilization 
in its mature stage. Further analyses of the artifacts and ceramics enabled the 
author to recognize more Nature Harappan traits in the material culture existing 
during the Kot Dijian period nearly a millennium before the rise gf Hohenjo-Oaro 
and Harappa /{/. 

Such traits are particularly expressed in pottery farms and decorative designs, 
terracotta objects, stone tools and architecture. 

In pottery, the most significant examples are: 

1 . offering-stands of tall and squat typesj 

2 . pans with incurved rim and slipped internally, with or without a wide band 
painted below the rim; 

3. storage gars with out-curved rim; 

4. ring-stands; 

5. cylindrical vases and those with carination near the base; 
fi. red-slipped and thin-bodied vases with pedestailed base. 

Even the shape of a wide-shouldered pot with 'horned deity' motif seems to have 
continued in the Mature Harappan period. In addition to the red slip and use of 
black paint, intersecting circular and fish-scale designs also occur on the Kot 
Dijian pottery. 
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Thus, most of the Kot Dijian pottery types are those which continued to remain 
in use during the Mature Harappan period with similar shape, fabric, colour, 
technique of manufacture and even surface treatment. 

The most distinctive type of pottery named after the site consists of globular 
vessels with flat base and short rim, painted on the neck with mostly black 
colour and occasionally with varying shades of red. Its external surface is 
either plain or red slipped. Comparable example* have been found at other 
contemporary Kot Dijian sites in Pakistan and India with similar short neck and 
globular shape. Their external surface is subsequently treated with senes of 
horizontally drawn thin grooves- The other recurrent type are vessels with a 
prominent flange around the neck {intended to receive the lid) and often painted 
with black on red or rarely on buff slip. 

These two ceramics and their variants have now become diagnostic Kot Dijian 
types for identification, comparisons and spatial distribution in the Greater 
Indus Valley /5/. 


The emergence of Harappan cultural traits more than 500 years before the mature 
phase or full urbanization tn the Greater Indus Valley and their recognition as 
integral part of the then civiIizatronal process by the author {19103 induced 
him to re-study other categories of cultural materials from Kot Dili to confirm 
the evidence derived mostly from the ceramics. The results were consistent with 
the evidence of pottery. 

The statistical data gathered from Kot Dijian and Mature Harappan levels 
revealed that steatite seals, cubic weights and Indus script in particular 
emerged or developed with the fully urbanized stage of the Indus Civilization 
Though cult objects like female figurines are present throughout, the style of 
representation changed only during the Mature Harappan times. Some differences 
in the size of stone tools is also noticeable, indicating a separate tool making 
industry though the tradition persisted from the lower (Kot Dijian) levels to 
the upper or Mature Harappan period. 

Such flint knapping factory sites have been identified near Kot Oiji a long time 
ago /$/. Humped bull figurines with large horns are Found in Kot Dijiao contents 
but in the upper Harappan levels their representation becomes stylized, 

Despite these differences in minor objects, the most significant fact is that 
all other categories of materials from the Kot Dijian levels are precisely the 
same as those found in Mature Harappan levels, such as terracotta 'cakes', 
cones, toy-cart frames and wheels, bangles of red and grey colour, 
parallel-sided chert blades and cores. Moreover, objects of bronze, beads of 
carnelian, stone balls etc. also occur in the Kot Oijian and Mature Harappan 
periods. 


Considering the entire evidence of various ceramic types and other materials at 
all levels of Kot Oiji, the author was led to the conclusion that Kot Oiji 
represents a continuity of cultural tradition from the lower Kot Dijian to the 
upper Mature Harappan levels. Both the assemblages are intimately related as 
products of one continuous cultural process. In this sense. The Kot Dijian 
cultural materials, both chronologically and culturally, constitute an Early Ha¬ 
rappan or formative stage of the Indus Civilization. The 'burnt' layer 
separating the two occupations does not indicate a cultural break because as 
already noted, most of the cultural traits inherent to the Mature Harappan 
period are found in the Kot Dijian levels as well. 


The delineation of an Early Harappan stage and 
major change in the conceptual frameworks having 
covery of the Indus Civilization Hf. 

Earlier, Sir John Marshall, V. Gordon Chiide and 
realising that the Indus Civilization in form repre 


its definition in 1970 was a 
been presented since the dis- 

Sir Mortimer Wheeler while 
sented an individual or indi- 
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\/ 


gertous character thought that the impetus for or the idea of civilization must 
have come from the developed centres of civilization located west of South Asia 
(Iran and Mesopotamia), In 19*6, when Wheeler discovered a different ceramic 
assemblage from the earliest or first occupation at Ha rappa he thought of it as 
alien', as having nothing to do with Harappa or the Indus Civilization /8/, 

In fact, it was later recognised as a Kot Dijian settlement. 


When Dr,Khan excavated at Kot Diji in the late 1950's, another site called Bhoot 
Or Kalepar revealed identical Kot Dijian pottery. Another site, Kalibangan, 
located in northern Rajasthan (India) started yielding Kot Oijian types of 
pottery as a result of extensive diggings by S.K.Thapar and 8,6.Lai. 

In the south-western part of Sind, J.-M.Casal turned up characteristic Kot 
Oijian pottery from Amrian contexts dated to the later 
millennium B,C. Thus, before i960, intriguing evidence turned 
the Kot Oijian settlement did not represent an isolated phenomenon and there 
were similarities among some pottery types. 

Or.Khan had noted the occurance of certain traits at Kot Diji, especially in the 
unwalled area and thought that the 'Kot Oijians* were the forerunners of the 
Harappans . However, the significance of Harappan cultural traits in the 
context of the rise of the Indus Civilization could not be ascertained because 
sufficient data were still lacking. 


half of the fourth 
up to show that 


Looking at the new evidence from Kalibangan, Amri and Kot Diji, Wheeler and 
others thought that these early sites represented village communities which were 
contemporary with Hohenjo-Oaro and that the Harappanlike traits they showed were 
due to influence from the major Harappan cities. Obviously, the evidence from 
the early sites was not considered to be part of the urbanization process ; 
therefore, it was still Looked upon as 'pre■Harappan'. 


A review of the literature on the subject published before 1970 reflects 
persistence of the old diffusionary concept or its paraphrase on the origins of 
the Indus Civilization. Some scholars like A. Ghosh /$/ and S. and R.Allchin /10/ 
agreed with Or.Khan that there were similarities in certain pottery types among 
these early sites but their implications could not be elaborated. 

W.A.Fairservis tried to define some early Harappan pottery forms on a different 
basis, and attempted to reconstruct stages of development but supportive evi¬ 
dence was not sufficient./II/ 


While various attempts were being made by the late 19G0's, the discovery of 
further Kot Dijian sites in the Punjab and the Gomal Valley added new dimensions 
to the discussion. A new approach was attempted and analyses of the entire 
evidence from various excavated and unexcavated sites comprising ceramics, 
architecture, technology, long distance trade/exchange, environmental variables, 
features of religious and social organization existing before the mature stage 
of the Indus Civilization or before 2500 B.C. convinced the author that 
processes of urbanization in the Greater Tndus valley had started during the 
fourth millennium B.C./1Z/ The evidence from several sites clearly demonstrated 
that the first settlement of Kot Oiji was an integral part of the cultural 
phenomenon which was wide-spread throughout the Greater Indus Valley with 
remarkable uniformity of essential elements which later charaeterized the Indus 
Civilization in fully developed or urban stage. 

The Kot Oijian materials at the type-site and elsewhere in the Greater Indus 
Valley represented an Early Harappan, early urban or developmental phase of the 
Indus Civilization./T3/ 


The recognition and definition of the cultural develpomant 
phase having direct bearing on the vital question of the 
the Indus Civilization was. as already pointed out before, 
understanding of the rise of the Civilization in the Indus 


of the Early Harappan 
origins and growth of 
a major change in our 
Valley. 
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The last decade of the 1970's was marked by large scale excavations and exten¬ 
sive surveys in the Greater Indus Valley, their results confirmed and elaborated 
further on the early cultural development and substantiated its recognition as 
representing the Early Harappan or formative phase of the Indus Civilization by 
an overwhelming amount of data. In the Taxila Valley, excavations at the Kot 
Dijian site of $ a r a i Khola were completed /14 / and two other contemporary sites, 
Jhang and Hatlual were excavated by the Department of Archaeology and Museums. 
Further westwards. Prof,A,H.Oani explored the Gomal Valley in the Derajat 
between the Sulaiman range and the Indus fiiver and recorded a succession of 
sites including four Kot Dijiar sites* namely Guifcla, Rahman Dhen» Hathala and 
Karam Shah.MS/ 

Intensive research started by Prof.Dani at Gumla, continues at another site, 
Rahman Oheri, by Prof.F-A*Durram and his colleagues of the Peshawar 
University*/lB/ North of the Comal Valley, Prof.Farid Khan identified at least 
seven Kot Dijian sites among which two sites, Lewan and Tarkai Qila were 
excavated by Drs.0. and R.Allchin between 1077 and 1970.717/ 

Near Harappa, the Kot Dijian occupational levels were investigated at Jaililpur 
in 1971 and 1976 /10/ and extensive field surveys were carried out in the desert 
tract of Bahawalpur called Cholistan where 40 out of 4f4 sites are comparable 
with Kot Diji./19/ 

In T975 and 1977, areas of the Indus Kohlstan and Kirthar in southwest Sind were 
intensively surveyed by Dr.Louis Flam, He carefully examined 72 sites /20/ 
including those reported earlier by H♦G,Majumdar, 


Further northwards in the Kachfti plain which is physiographically a part of the 
Greater Indus Valley, J,F,larrige and his international team started excavating 
at Mehrgarh which yielded an astonishingly long sequence extending back at least 
to the sixth millennium B.C. and ending with the early Harappan period in the 
third millennium 8, C, / 21 / Mehrgarh periods V, VI and VII fall within the Early 
Harappan period of the Greater Indus Valley and northern Baluchistan though 
beginning could be even earlier in Mehrgarh period IV. In India, the areas 
originally drained by the Ghaggar - Hakra rivers and their tributaries in 
northern Rajasthan, East Punjab and Haryana yielded a succession of Kot Diji 
related sites among which Kalibangan,, Siswal. Mitathal, Banawali. Bhundan and 
Manda were also excavated. 


It is obvious that the past thirty years of field research has produced an 
impressive map of the Kot Dijian settlements in the Greater Indus Valley. The 
material evidence from numerous sites has itself answered criticisms of some 
scholars who favoured the traditional approach to this issue. Some of them now 
feel satisfied and have begun to recognise the Early Harappan stage in the long 
cultural process of the Indus Civilization. 

Dr.F.R.Allchin, who somehow had completely ignored the new conceptual framework 
ever since it was presented in 1970, has now yielded to the weight of supportive 
evidence discovered in the Greater Indus Valley including from the sites dug by 
himself in the 0annu Basin. /22I Dr.Allchin also continued to ignore the new 
discoveries especially in Bahawalpur, but ironically, he repeats the same 
arguments which the present author had presented twelve years ago, and admits 
that the Kot Dijian assemblages do constitute an early Harappan stage, although 
he always avoided fch# y$e of this term in all his previous publications. Perhaps 
to overcome his embarrassment for not accepting the facts for more than a 
decade + in some of his previous writings Dr.Allchin tried in vain to work out an 
idea "similar" to that of the author. 

ft it further emphasised that the geographical extent of the Early Harappan 
settlements as revealed by intensive field works started at the beginning of 
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this decade, almost duplicates that of the succeeding Mature Harappan settle¬ 
ments I Fig.1}, The exceptions are the coastal regions and out-posts at Shurtagai 
in northern Afghanistan and the possible site in Oman which appear to be related 
with the Harappan trade or exchange. Between Kot Oiji and fighri. at least four 
prot Ohis tor ic sites are reported MS02) along the Reni-Nara channel where 
further explorations would certainly fill up an apparent gap in the distribution, 
of the Early and Mature Harappan sites. It is obvious that the settlements of 
the Indus Civilisation belonging to the Mature or fully urbanized stage utilized 
the same riparian environment in which the populations of the Early Harappan 
period were settled. 


A considerable degree of craft specialization is reflected by the artifactual 
remains, a feature already pointed out m 1970. The Kot Dijian settlement is lo¬ 
cated close to the source of chert where tools in the form of blades were manu¬ 
factured to be used at a number of settlements. During the Mature Harappan 
period, ftohri Hills were the major centre of tool making where craftsmen chipped 
stone tools from where the implements were transported to Mchenjo-Daro and other 
contemporary sites,/?!/ Besides the emerging of centres for manufacturing 
specialised tools^ standardize!ion of pottery forms and decorative designs were 
also achieved during the early period which persisted with further elaboration 
through the fully urbanized stage of the Indus Civilization. Kilns for firing 
small objects have been found in association with the Early Harappan sites in 
Bahawalpur. The shape of the kilns is precisely the same as of those found at 
Hohenjo-Dsro and Lethal. 


Semi-precious stones such as lapis lazuli and metal like copper were obtained 
from from distant sources outside the Indus Valley as attested by their 
occurance at the Kot Dijian sites. The pattern of long distance trade or 
exchange which was established during the Early Harappan period was intensified 
and its sphere was further enlarged in the later period as shown by the location 
of Mature Harappan sites along the coast of the Arabian Sea. 


The representation of terracotta female figurines of identical form and horned 
motif suggest common religious beliefs or rites throughout the Indus Valley 
which received further emphasis and elaboration in the succeeding Mature period. 
The identical form of horned motif on human head has been reported from Sarai 
Khola, Gumla, Rahman Dheri. Kalibangan and Hands (Kashmir) on the Early Harappan 
pottery, after its first discovery at Kot Digi, Simple marks or signs engraved 
or incised on pottery as found at Rahman Dheri appear to represent an early 
stage of Harappan script. 

Thus, the decade of the 1910s as well as the beginning of the tSSO's have been 
most important in bringing about basic changes in old concepts and giving us new 
understanding of this remarkable civilization. It certainly did originate and 
develop in the Greater Indus Valley. 

The next important question to settle is the process by which changes from the 
Early to Mature and even later stages took place, It is now time to attempt the 

reconstruction of the processes which led to full urbanization m the Indus 
Valley, 


FOOTNOTES 

1' F ^A-Khan 119591: "S*fnr* Hohtn jo-Dara : new light on th* beginning of tha Indus Civil nation 
fro* rittfit •xnvati«ri« at Kot in Illuatratad London Nrw, 7: B&S-7; 1959. 

Pr*l Lnufiiry flrport on th* Kot Oi ji Excavation*, 19S7-5B, Karachi: D#parti*rnt of Archaeology: 
and 19GA: "E*civiUoni at Kot Giji*\ in Pakistan Archaeology. No.2: 13-05 
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MICHAEL JANSEN 

FORSCHUNG$PRD31K T MOHENJO-DAHO 
HWTH AACHEN 


PRELIMINARY RESULTS OF THREE YEARS DOCUMENTATION IN MOHENJO-DARO 

Dru Jahre Foraehung in Hohtnjo-Daro 


The German Research Project Mohenjo-Daro has now entered the fourth phase of its 
planned architectural documentation of Mohenjo-Daro, and about 80Z of the 
structures uncovered by the early excavators have been documented in detail./1/ 
As the work of the Project is still incomplete, it is not yet possible to pre¬ 
sent the final results of analyses on the material gathered to date, or to des¬ 
cribe new findings of a more general, theoretical nature. The aim of this paper, 
therefore, is merely to give an account of the course followed by the Project 
with regard to the solution of a few salient problems./?/ 


When the Project was planned in 1978 an ideal programme was defined 
(Appendix I). According to the permission granted by the Government of Pakistan, 
the Project started in 1979 with a detailed rechecking of the excavated 
architectural remains of the site. As the excavations basically took place in 
the twenties, this meant coming to terms with the problem that during the last 
fifty years the remains have been altered through human and natural agents (see 
Urban and Jansen/Ardeleanu-Jansen/franke this volume),Therefore, while 
documenting the remains, an evaluation under the aspects of origina1/partly 
original/not original and not traceable had to be carried out. 

Due to the highly destructive nature of the salts (see Ludwig this volume) walls 

which were rebuilt only a few years ago have eroded so badly that judging by 

their physical appearance alone they could not be distinguished from the rest. 
In Moneer site, holes cut into the bottom of the walls to introduce horizontal 

insulation could only be identified as new with the help of the Authority 

involved. The decision of the “Authority for the Preservation of Mohenjo-Oaro“ 
to use well fired bricks and to mark them with a date was of some help. 
Therefore, this structural evaluation was of extreme importance for carrying out 
a critical architectural analysis as this would have been impossible without the 
additional data it provided. Under these conditions the original plans and a 
detailed photographic documentation of the excavations in the twenties became 
the primary source of the analyses. The fairly detailed architectural 
description in the publications (Marshall 7931, Hackay 1938 ) too was of great 
help. Another stroke of luck was the rediscovery of hundreds of mostly unpub¬ 
lished photographs in Karachi, Mohenjo-Daro and Delhi, a list of which was 
published in the “List of Archaeological Photo-Negatives. Part I- Corrected up 
to the list March T915. Stored in the Office of the Director General of 
Archaeology in India", 

The most important addition to our corpus of data was the rediscovery of the 
unpublished field registers of the early excavations. beginning in 1924 and 
ending in 1938 (see Jansen et al. this volume!. With these data at our disposal, 
we will be able to carry out an analysis of the architecture from a threedimen 


/T/ With the {thtit 1992-83 about 95Z have barn documented In detail. 

t2i Before starting to describe the progress we have made in documenting the structural remain* of 
Mohenjo-Oaro. «e would like to express our gratitude to the Director Archaeology, N.Iahtiao 
Khan, to our colleagues from the Archaeological Survey, to the Deutsche Forechongegeme i nachif t 
IDFG), to all the members of our Project, without whose cooperation this paper never could 
have been written. We wuh to thank Dr.M.Hulley and Cornelia Muller-Waldeck for revising this 
paper. 
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sional perspective by relocating the registered objects in their proper 
Contexts. 

In order to collect all the available architectural data, the Project decided on 
a detailed method of relevelling and double checking all of the existing ground 
plans, as well as a photographic documentation covering each and every wall (see 
uanzke this volume)./W 

This method of documentation was developed due to the following constraints: 

- The results of each season should represent a unit of its own. 

The final documentation should cover the whole area excavated in the time 
given (approx. 1,5 days per house unit). 

- The documentation should represent an optimized collection of data which 
would permit a structural functional analysis to he carried out. 

With the help of modern techniques m photogrammetry and surveying with a hot 
-air balloon, the documentation can proceed from a general study to a more de¬ 
tailed analysis, depending on the time available in the field, On the one hand 
this if complicated by the vast amount of objects to be documented, but on the 
Other it is facilitated by the standard size of the bricks used in the 
architecture. The prime importance of such a detailed photographic documentation 
is demonstrated by the fact that since we began our documentation many walls 
have collapsed. and ean now be studied only from our photographs. Fortunately, 
more than 00Z (60.000 square metres) of the structures have already been 
documented from both general and detailed perspectives 

THE HISTORY OF EXCAVATIONS AND THEIR NOMENCLATURE (PL.1) 

The first notes on Hohenjo-Oaro are to be found in a report by 0.R.Bhandarkar, 
Superintending Archaeologist of the Western Circle, who, inspired by the 
discovery of Buddhist stupas at Mirpur Khas and Thul Kir ftukan (flhandarkar 
19?1;t -51 Visited the site in winter 1911-1Z. In his report he expressed dis¬ 
appointment at not finding even one of the carved and moulded bricks that were 
so abundant at Hirpur Khas. Furthermore, he identified whit later turned out to 
be a part of the stupa core as a tower, and restated the local tradition that 
the town was not more than two hundred years old. 

Although Bhandarkar missed the point by not identifying the Buddhist site at 
Mohenjo-Oaro, not to mention its real ancient character, it is of interest to 

abs *"“ of carv * a mDgldea bricks that were so typical in the other 
Buddhist structures in Sind, It is now obvious that the monastery and the 

^wL S ?T tUTeS wer ! constructe < 1 completely from Narappan bricks, 

which he later excavator, R.O.Baberji described as being “of t n e modern 
type ./?/ 


o b »r^ recorded visit was made in 190 20 by It . 0. Banerji. the successor of 
O.R Bbandarkar. In hi, report I19ZH h * correctly identifies the stupa for the 
first time and mentions the presence of numerous round, hemispherical structures 
of burnt and sundned bricks, which were most probably the remains of eight cir¬ 
cular foundations of votive stupas that can still be seen in the area north of 
the fireat Bath (Marshall 1931; P1.31. Interestingly enough, he also reports the 
discovery of a number of carved bricks' that he found “on another high mound, 


nt 
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which is the second largest in this place" ,( Barter ji 1321: 79-30], 

R.D.Baner}i conducted a small excavation in 1321-72 on the highest part of the 
mound, close to the main stupa, which he termed "Stupa 1". The following entry 
can be found in the first issue of the Annual Reports (ARA$[ 1322-23, pp.102 
following): 

Hr. Rsk*| Dll Dinfrji uritei in rrsp«cf qf th* tKciviiioni undirtikin by him: Hoheo] a ■Oaro if thf 
prflfnt name of ■ ruined city which once stood &n the bank* of the fiver Indus, when it flowed in 
an old bed, much to the west of it* preterit court# .. The city nt built on both banks of the 
river, but its principal shrines were erected an islands in the middle of it. A clutter of five 
ihrjnet wa* built on a group of five islands* lying close together, two of which were excavated 
during the year under review ... 

Tht find* in Site no.I consist qf flint scrapers, cores, bouchprs, dice ef polished marble and 
terracotta, fragment* qf marble chairs, pieces of small images and umbrellas of white marfals* 
Oblation vessels of conch shell, bangles and ornaments of conch, beads of various atone, copper 
and bronze, pipes of carneLi an and pottery of various shape* ... 


Th* moit important discovery of the season was a seal qf soap-stone, found Oh th# stair ease on th* 
river side, at the bottom of the eastern retaining wall of the tower./I/ This sea) bears in the 
centre the figure of I fine-horned Quadruped, which has been identified by Dr.0.B.Spooner as the 
unicorn. The fragm*F ■ * similar seal w#a discovered on a small shrine to the north-east of Site 
No.l. These seals br«< ideograms or pi clog rami like the teals discovered it Harappa. 

This preliminary note by the discoverer of the site definitely influenced Sir 
John hlar shall in his article entitled 'First Light on a Long - Forgot ten Civili¬ 
zation 11 published in the Illustrated London Nows (pp. 520-32, 481 on the 20th of 
September, 1524 in which he disclosed R. D.Banerji's sensational find to the 
western world, 

Later however, Marshall dissociated himself so much from ianerji's interpre¬ 
tation of the remains that he did not even include the latter's notes in his 
first publication. On p.14 [Marshall 1531} for instance p he observed that: 

... The remains brought to light by Mr.Ssnerjl in Sites 2 and 3 ... are not dealt with in th# 
present publication, for th* reaaqn that thrlr clearance had not proceeded far enough for any 
tangible conclusions to h* reached **, Let me add that in writing the chapter on the Stupa area 1 
I have had access to a lengthy manuscript article hy Nr.Sanerji describing the reeults of hi* 
labours at hohenjO-Daro in 1922-23. This article not being suitable for inclusion in thie work, 
the author of it was authorized by the government to publish it, if he so wished# independently. 

As George Dales so rightly stated in his paper delivered at Srinagar in 1979, 

" +,, the most serious Losses are the reports an the work of Nr.Vo.ts in the VS-are a and the report 
of Hr,Banerji on his work in the 5tupa area." 

Our Project had the good fortune to relocate Vats‘ fieldbook* and perhaps our 
team may be lucky enough to come across Banerji'a notes as well. {As regards the 
terminology it should be noted that the present sites 1, 2 and 3 correspond to 
Barterji 1 9 Stupa I, 2 and 3.(Pis,2-4) 

At least ih one respect Banerjis dig of 1922-23 is well documented, namely by 
the relatively large number of photographs published in the Sind Volumes, Photo¬ 
graphs 5016 to 5028 and 6019 to 6032 are to be found in Vol.2, 1916 to 1922, and 
photographs 6033 to 6096 in Vol.3, 1922 to 1923. Number 6228 and following show 
views of Vats 1923-24 dig in Site 4. Number 8303 to 10 show seals unearthed in 
thi$ excavation. 


nt Probably th# outer retaining wall which con still be seen today. 
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Under the direction of Sir John Marshall, M.$. Vats' Site 4 was cleared in the 
following season, 1923-24, A test trench was dug in the south-western area of 
the eastern mound where Vats carried out further excavation work in the 1925-2G 
season and which was labelled the VS area,I PI,5) 

In the 1924-25 season K.N.Dikshit started cutting trial trenches A, 6* C.C'.D 

and £ in the respective mounds HE of the VS section and also test trench F in 
the "Citadel mound". (PI ,6J* The first photographs of these trenches to be 
published in the Sind Volumes are numbered 6498 onwards for OK-A, 65 15 onwards 
for DK-B. 6529 onwards for DK-t and 656? onwards for DK-E. 

The earliest drawn plans of Site II, areas OK-A, DK-B. OK-C and DK-E were pub¬ 
lished in Volume V, 1924-25, 

The first topographic map of Hohenjo Osra appeared in 192/ (PI.6) i\f There the 
two clearly distinct mounds are shown for the first time, On the western mound 
( Citadel ) the areas I, 2, 1 and F can be discerned, and on thp eastern mound 
Vats' area 4 and Dikshit's test digs A, B, c, D, D" and E. The future hh area 
can be clearly seen as a topographic feature of its own. 

In the 1925-26 season Marshall hired all available talent to launch a 

large-scale excavation campaign. Among those who took part were the Supennten 
dant of the Frontier Circle. H-Hargreaves, M.5.Vats. K.N.Dikshit, the archae- 
ological chemist, Sahna Ull&h (B.l.Qhama) and Marshall s excavation assistant 
A.D.Siddiqui, Hargreaves dug out the eastern portion of the present HS-area, 
while the HR-8 area was cleared by Daya Ram Sahm in the 1926 21 season, Vats 
extended his 1921-24 dig as far as First Street and in the same season 1926-21 
Oaya Ram Sahm excavated the eastern and southern portions. Oikshit extended his 

dig in OK -0 and DK-C and Marshall himself,together with his assistant Siddiqul, 

dug out the Great Bath and the surrounding structures. A small area north of the 
Stupa was cleared by fl.l.Dhamj and accordingly entered as OH area m the re¬ 
gisters (under documentation. German Research Project Mohen jo-Daro, Aachen 
Technical University). 

The references concerning the photographic documentation are as follows: 

Sind Volumes Delhi, vol.6, 1924-26, nos. I l10-1212, areas OH and SO; 

Sind Volumes Delhi, vol.7, 1925 26, nos. 213-336. areas VS and hr! 

Sind Volumes Delhi, vol,8, 1925-26. nos. 337-450, areas OK-B and Ci 

Sind Volumes Delhi, vol,9, 1925-26, nos. 3594-3691, VS-area. 

All the photographs taken from 1925 onwards, classified according to areas and 
numbers, are contained in a single volume published by the Archaeological Survey 
in Simla and Delhi in 1936 (Cf. Bibliography no,51. 

In 1926 Or.Mackay had been asked by Sir John Marshall to take over the 
excavations in Mohenjo-Dare as he was already familiar with Mesopotamian excava¬ 
tions. Another reason was that all the officers involved m the large-scale 
excavations of 1925-27 could not afford to do research work in Mohenjo-Daro any 
longer due to therr survey duties. 

In 1926-27 Hackay excavated L area in the southern part of the citadel and a 
huge building east of the Great Bath. He introduced a new sytem of threedimen¬ 
sional location of objec.ts giving room numbers for the horizontal orientation 
and absolute heights (bench marks) for the vertical orientation. Still another 
orientation with an Area/Block/House/Room numbering system was later introduced 


/I/ The reference iet Annual Report of the Archaeological Surrey *f India 1924-25 URASl) 
Calcutta; Plat# XVI . Contour plan of ancirnt nUf. 
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in both publications of Marshall (1931) 


and Hackly 


(1930K 


In 192? Haekay started with his excavations in OK-G^ taking as a northern limi¬ 
tation trench E which had been cut right across the "Lower Town* by Dikshit in 
1924-25. Later on he extended his excavation north of this trench (DK-G north). 
In his search for further possible fortifications in 1931 he dug several 
trenches; (Haekay 1930, northern trenches, PI,VII2) the one which is situated 
north of the "Lower Town" he named DK-H* It is noteworthy that in 1927 Marshall 
engaged A.Francis to draw up the first exact topographic plan (henceforth 
referred to as the Francis planl of the site, Drawn to the scale of IGQtol" 
with contours at 5 L intervals it was used by both Marshall and later Mackay as a 
working guide, and this map was published in their articles. 


In studying the unpublished fleidbooks of Mohenjo-Daro a two additional excavated 
areas have been identified. Subsequent research has determined that in 1932-33 
and 1 3 3 5 -3-6 Honeer and Puri conducted an excavation east of VS area. which was 
recorded in their registers as Ole -1 area and which we refer to as Honeer site 
(Jansen i n Wheeler Memorial Volume, Delhi, under print. Dales 1992), The other 
excavation was carried out in the southern extension of OK-0 in 1930 /I/ and the 
register was signed by A,Rahman (26.05*1930)* The registers of the antiquities 
recovered from these excavations have been rediscovered at the Mohenjo-Daro 
Museum but the provenances of these antiquities recorded with the use of an 
independent system of room numbers which were not included in the overall 
architectural plan. So far, no records referring to this system have been traced 
so the objects cannot be replaced in their proper architectural contexts. 

The only other excavations at Hohenjo-Daro were conducted by Wheeler in t9Sfl and 
G.Dales in 19G4-G5. Both await final publxcat ion, /Z/ 


DATA ANALYSIS 


With the completion 
to correlate ill 
data can be differs 
documentation, The 
from the subjective 
the more complex th 


of the research project at Mohenjo-Daro, it will be possible 
the data described above. It is clear from PI,7, that these 
ntiated into two categories, the material objects and their 
former represents the primary source while the latter results 
interpretation of the researcher, whith the consequence that 
e material culture, the more selective is its interpretation. 


As shown in the graph, material culture as a primary source can be 
differentiated into that still in situ or dispersed* This differentiation re¬ 
presents the most critical part of our research because the accuracy in 
recording the exact find spots of different objects was highly unreliable during 
the earlier excavations. Consequently, unless we have photographs of the objects 
in situ, we can only reconstruct their original location with the accuracy that 
the excavators used in recording them. The structural remains at the site can be 
differentiated into those which are no longer standing and those still in situ. 
The latter are used as a directly accessible primary source while the former 
must be critically evaluated according to the documentation available. 
Eventually, the final aim would be to reconstruct the missing and partially 
ruined structures on the basis of this detailed scientific analysis* and thus 
contribute towards the preservation of the site. 


/I/ Th* terunno 1 ogy of Gforgr Oats* 119021 far honeer Sit e ** QK-B tit# fiOuld not be proved. There 
wu anothfr amill excavation in OK-B north of UK-l #ite in 1930, 
f2f Through Prof. H.H&rwnend th# original unpvbllihtd plana of Wheeler 1 # txcivatlon could be 
relocated. They are now with the Project it Aichtn. 
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The analysis of the material culture or structures that are still in situ has 
proceeded according to the parametres set out above. The first, general approach 
towards the structural interpretation of the architectural remains has resulted 
in the delimitation of "clusters*. Since no stratigraphic sections were recorded 
during the excavations, the architecture itself is the only structural indicator 
of horizontal and vertical growth. 

A. THE STRUCTURAL CLUSTER 

An architectural "cluster" is defined as a system of structural remains 

directly connected to one another. An area such as HR area consists of different 
clusters that are separated by non-structural interspaces. For example. House I, 
HR-A area.is considered as a cluster, which is disconnected by interspaces from 
other clusters and therefore for the time being can be analyzed only internally. 
Centre and xts additions can be defined t>y recorri t ruct inq its 

tbreedlinensi on a 1 growth, which in turn results in a relative chronology for that 
cluster. 


8. CHRONOLOGICAL CORRELATION OF DIFFERENT CLUSTERS 

Before this. the contemporaneity of different clusters could only be 
demonstrated through structural joints such as drains etc. One example of such 
an interstructural connection between different clusters can be studied in HR 
area. Here.in HR-A (House III, aiocl^l a drain links this unit with the sess pit 
in First Street. K 

this drain starts at 57m above M*5,Li in the NE corner of room 15 as a vertical 
pipe fixed in the wail from where it drops to a drain at 5tm. From there it 
loins another dram in Deadman Lane at about 53.5m and finally ends in the sess 
pit no. 1 First Street at abot 51.5m, 

It was only with the help of this drain that the contemporaneity of structures 
on levels 5.5.m apart and separated horizontally by not more than 30m could be 
proved, thus allowing otherwise unconnected clusters to be linked. 

This example also shows the stratigraphic complexity of the settlement topo¬ 
graphy which cannot be explained by the horizontal stratigraphy suggested by 
Mackay and Marshall, y 

Even within a single structural cluster we could observe a considerable dif¬ 
ference in height between otherwise contemporaneous levels.!PI.S) , in HR-A House 
I the southern courtyard has an absolute height of Sl.SCm whereas the northern 
courtyard, which is reached by a double staircase, is at 53.9m This difference 

in height of 2,1m would cover at least three occupational strata according to 
Kackay s stratigraphic model./1/ 

The reanalys^s of the structural remains in HR area so far indicates that in 
this part of the site the occupation levels were ascended eastwards with First 

iTIh t X, 1 T: t J eVel ‘ " construction can be traced 
in VS A south (Block t, Housel.V) where we see a lower structure 150. Hm> joined 
to a higher one (53.10m} by a staircase. J 

C, CONCLUSION 

oeneLr a ZitL^°T QUit ! ClP ! rl¥ thit Hoh 8 " 30 -t>“ro was not constructed in homo¬ 
geneous horizontal units, but that it grew at different rates, resulting in 

variable horizontal and vertical distribution of contemporaneous structi 


;ures. 


t\l Mackay'• at ratigraphic lav.I model covera 7 strata from 
a.M.S.L, } to th. Loweat (Early J, below a.H S L S thua 


tb* uppermost Hate I. S 3 . 50 m 
overcoming a height of 5 . 26 a. 
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Some of these areas may have been separated by deep depressions such as the one 
south of HR, between HR and VS areas and the one south of DK -G . On the basis of 
the architectural analysis of HR and VS areas it is suggested that at least the 
depression between VS and HR is an ancient one and is not the result of later 
meanders of the Indus River, 

Looking more closely at the horizontal growth of HR area, we see various 
structural clusters which illustrate different growth rate*.(PI.10): 

Block 4 (HR-AJ shows an almost linear growth extending from North to South, the 
only exception being House XII, which is opposite the great courtyard (Block 2 P 
House V, HR-B)?) 

Block i and 2, bn the other hand, snow a much more complex growth system. In the 
southern part of Block 1 there are two older structures that have been enlarged 
by the addition of new walls and rooms to form a radically altered structure, 
which undoubtedly served a purpose different from that of the original 
structures. 

As has already been described above< the lower southern courtyard was joined to 
the upper northern area by a double staircase. There are twin entrances in the 
south, leading to the lower courtyard, which contains a circular ring of bricks* 
This circular structure cannot be interpreted as a well, but unfortunately its 
function has not yet been determined. It has been possible to analyse this 
conglomeration of old and new building phases through a detailed study of the 
construction of the various walls and their joints. 


In this same manner, we have determined that a spiral growth pattern behind the 
structures in Block 2, HR-B. Other parts of the HR area are less complex, 
exhibiting a linear growth which did not incorporate older structures in the 
process of horizontal expansion. 

It is difficult to interpret the dynamics of the various building phases in the 
case of complex structural growth, but linear growth might indicate the re¬ 
building or extension of an area during a single building phase. Spiral or 
irregular growth can only be seen as the functional adaptation of structures 
that are confined within an existing building. Other areas which show linear 
growth are the northern parts of Hft~B and Moneer Site (MN-B). 

In the latter area another interesting feature is the presence of a special type 
of structure repeated throughout most of the area. 


These few examples demonstrate the necessity to study the architecture of 
Hohenjo-Oaro in terms of well defined micro units. Unfortunately, their relative 
chronologies cannot be determined by structural comparisons alone, and we hope 
that the threedimensional relocation of artifacts within the related structures 
will provide more reliable information for the study of their chronological 
relationship. 

This relocation of artifacts will be done with the help of a specially developed 
computer programme, which will integrate the architectural documentation with 
the artifact data obtained from the original field registers. 

Hopefully, the architectural documentation will be completed by the end of the 
winter season 13B2-B3, after which the computer analysis can be implemented* 

THE EXTENSION OF THE DOCUMENTATION PROGRAMME AFTER 19B1 


In addition to the documentation of the excavated areas we have begun a 
systematic study of the unexcavated surface areas of the site. This study has 
resulted in the discovery of numerous concentrations of artifacts that have been 
classified by Prof. H*Tosi as *eraft-indicators"«!19Bi) 

Major concentrations have been located north of DK-G area, all along the eastern 
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Pl.fl Isometry of HR-A area showing a drain 
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PI. 9 Isometry of HR-A House 1 
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THOMAS URBAN 

FORSCHUMGSPflOJEKT HOHENJO-DARO 
FfWTH AACHEN 

SOME PROBLEMS CONCERNING THE EVALUATION OF MALL STRUCTURES IN NOHENJQ-DARO 

E1NIGE ANHEfllCUHGEN ZUH ANALYSE QER HAUER-STHUKTUREH IN HGHEHJO-OARO 


ZUSAMNENFASSUNG 

Restaurierungs- und Rest aura tionsa rbeiten an den 
Bauwerken Hohen jo -Oaros wurdin unmittelbar nac h 
den ersten Grabungen notwond 19 , da das im Grund- 
waiser geloste Salz in den freigelegten Mauern 
mas$iert an die Oberflache tritt und die 
gebrannten Ziegeln binneft weniger Jahre zerstdrfc, 
Sparliche Infcrmatlonen uber die Arbeiten geben 
die Annual Reports of the Archaeological Survey of 
India, Dehli seit 1926/27: 

Austausch zerstdrter 2 iegel dutch neu 
angefertigte Oder aufgelesene alte Steine in 
Teilen der Hauer ft Oder Heuaufbau von gesamten 
Strukturen P 

Stutzmauern bei groSeren Hiveauunterschieden 
des Untergrunds, 

Schutzuberzug aus L#hm, 

Hon zontal isolierung aus Beton in einer unteren 

Zlegeilage* 

Bis heute wurden solche HaBnahmen dur chgef uhrt, 
wissenscha ftlrch ungenau und ungenugend 


dokument * ert; dies wurde von mit in der Saison 
1910/01 fur den HR und vs Bereich nachgehelt, 
Hinwerse auf rekonstruierte Strukturen geben alte 
Grabungsphotos und -grundnsse, neute i t liche . 
scharf gebrannte Ziegel, unregelmaBiges Mauerwerk 
und die Betonschieht der Horizonta LlsoIig rung. 
Diese I nf orina t ionen wurden in die 1:200er 

Grundrisse ubertragen. wobei auch die Bereiche 
marfciert wurden, uber die eine emdeutige Aus6age 
in Bezug auf ihr Alter nicht zu erstellen ist. 


Even at the time of the earliest excavations in Mohenjo-Daro it was realised 
that the exposed brick architecture was going to suffer heavy damage from 
salination once the protective covering of mud and sand was worn away. Therefore 
restoration operations had already been started on the site several years before 
January 1964 « when a UNESCO mission headed by Or♦H.J*Flenderleith came to 
Mohengo-Oaro to carry out a chemical analysis of the salts and to investigate 
possible protective and restorative techniques. 

Some detailed information regarding the extent of restoration work can be found 
in the Annual Reports of the Archaeological Survey of India ( AftAS1 1 , Delhi, 
1S2G-27 and in those from 3 930-34 to 1938-37 T The Annual Report of 1326-27 
mentions a total expenditure of Rs 60,352 and "out of this amount a sum of some 
nine thousand Rs had already been utilized... on the maintenance of the 
buildings previously exposed - . 
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A more differentiated source is the Annual Report of 193l-35i 

A iupti of fl* 517 provided under th* hooding Exploration mt oloo utilizod in repairing the 
monastery at tho Stupi Sit* at rtohonjo-0»rc... Th* «*ll* of aonaatlc coll a have boon roatorod to 
different height* oo aa to *ho« thoir outer a* ■«!! it creaa wait*, which, having perished down to 
the floor level, could hardly be traced before conirruilion, 

(Pls.1, 2). 

The measures taken were not limited to reconstructions but also comprised 
retaining walls to buttress particularly high excavated wells, e.g. in DK-G 
area, First Street IP1.3) and in the VS area, where retaining walls were also 
erected to avoid the slipping of upper, unexcavated strata down onto lower 
levels (Pi, 41. 

The restoration operation continued during 1930-34: 

In a brief not* »ubmitt*d by Hr. E.J.M.Mackay, Special Officer for Exploration, nention i« nad* of 
th* fact that the mud mortar ui*d by th* ancient inhabitant* of hoenjo Daro amply »*rv*d it* 
purpoa* a* long ** it fra* from #*Jt; but now that th* building* are expoied to the air, th* 

■alt ia having it* v*y, and th* mortar 1* ceaolng to acrv* ita purpooe. Consequently, two maaona 
and Six labourer* have been at work during 1930-31 repairing the mtaonry and resetting where 

Even at that time a further destructive factor did not escape notice: 'Visitors 
to the site cannot avoid walking along the walls and some damage has been done 
here and there unintentionally, and this will happen in the future, too". He is 
certainly right in his remarks; visitors can still cause problems today as there 
is no fence around the site which is traversed by the road from Dokri to the 
Indus and the nearby villages. A hundred camels peacefully trotting through the 
remains can be a very impressive sight, but one can imagine the joy of desperate 
archaeologists engaged in surface analysis. 

Besides other repairs the Annuel Report of 1935-36 mentions: "covering, as an 
experimental measure, the tops of conserved walls of the Buddhist Monastery 
round the Stupa with two courses of sundned brick in order to minimize the 
destructive effect Of saltpetre, which is an ever present danger.,,". This 
happens to be a method which is still in use today, though unfortunately 
restricted to only » few areas of the excavated site. The salt dissolved in the 
humid air and the ground water crystallizes in the mud covering of the walls 
(the heavy rains during the summer turn the two courses of mud bricks into a 
dense covering of the whole wall) and therefore does not affect the inner bricks 
themselves, 

Recent preservation work undertaken by the Preservation Authorities at 
Mohenjo-Oaro can be summarized into two main measures, the replacement of 
damaged bricks by new ones Imostly a few courses but sometimes complete walls) 
and the installation of a horizontal, concrete insulation layer close to the 
base of the walls in order to prevent the salt dissolved by humidity from rising 
up into the bricks and crystallizing on the surface, with the result that they 
«ventUAlly disintegrate. 

Pis.5 and G show damaged brickwork which will be rebuilt after the removal of a 
few layers prior to the insertion of a course of bitumen blocks. This course 
will later be plastered in red and incised with lines to simulate brickwork. 
Specially manufactured bricks as well as old ones which are still in good shape 
are used for such restoration work. 

This method results in the humidity rising up only as far as this horizontal 
insulation course, but unfortunately also in a higher concentration of silt 
below it. In many excavated areas the installation of the horizontal insulation 


38 




URBAN: SOME PROBLEMS CONCERNING THE EVALUATION 


course proved very effective although this technique urgently needs further 
development, as the concentrat ion of salt below the insulation course increases 
the danger of the whole wall collapsing. 

In addition, some doubts nave been raised concerning the scientific reliability 
of the reconstructed areas. Instead of being exactly reconstructed< various 
bricklaying techniques, joinings, blocked passages, gaps etc. visible on the 
original photographs were often simply indicated, incompletely reconstructed or 
even ignored in practice. 

Exact information concerning the extent and nature of restoration operations 
must be available to scientists investigating the architecture of Hohenjo-0aro. 
It sometimes proves very difficult to identify reconstructed parts due to the 
fact that ancient bricks have been reused for repairs: 

Rrpiir* pn th* excavated «fK*mj**nt& hay* b«tn carried pul with flnclrfit brick* collected during the 
coun* of tHCaviUoni, but thii sourct hiving bten exhausted on# lie of brick* of tht cownofitit 
lit# utfd in th-r ancient buildings M 1 "x5 . 5“x?. 25'M hii opte, tally ffinufictund... 


From the start, the exact extent of the restored parts should have been clearly 
marked in order to make it easier to distinguish between original and restored 
architecture, but this has only been practised recently and on a very limited 
scale. Ideally, the year the reconstruction was carried should be incised in the 
wall concerned, but again this was rarely done. 


A scientific survey of the architectural evidence can be made on the following 
basis: 

One of the most reliable documentation methods is to compare the remains as they 
are today with old photographs taken during the original excavations, of which 
in our case a large number have unfortunately never been published. Through a 
combination of the photographic documentation being prepared by our project and 
the original photographs a complete sequence of views taken during excavation, 
after conservation and today can be obtained. It is relatively easy to 
distinguish ancient from recent architecture from a comparison of the state of 
the remains at the time of excavation with present conditions tPls.9-12)* 
Besides the fact that the old pictures clearly expose new walls built in the 
interval which never existed in reality, the sequences also show the rapid 
advance of disintegration due to rising salts in some areas. 


As these examples show, there are whole walls standing today which have not very 
much in common with the structures entered gn the grcundplans drawn during 
excation. These "reconstructions' can be easily detected by comparing extant 
structures with the plans published in Sir John Marshall's "Moenjo Oaro and the 
Indus Civilisation" (London 1931) and in Ernest Mackays 'Further Excavations at 
Moenjo Daro (Delhi I939J. However, these plans are also to be treated with 
caution, as can be seen from the irregularities of scale which emerge when they 
are enlarged or reduced m size and gaps and parallel walls suddenly merge into 
one another. In addition, as there are no altitudes marked on these grcundplans 
it is possible that remains still lie below the sand and mud which slowly 
accumulated during the past fifty years. 


It should be mentioned that all the reconstruction operations at Hohenjo-Daro 
had to be undertaken without the more detailed information concerning the 
architecture available to us today. Quite apart from this consideration * we only 
have to look to our own surroundings to discover so-called 'restorations". Near 
the remains of the Roman castle of Eining on the Danube there is a reconstructed 
watchtower which is not only surrounded by an archaeologieslly unfounded wooden 
palisade, but which also lacks the stone superstructure which was commonly part 
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of such wooden towers; not only that, but this building was erected on the wrong 
side of the frontier - in the enemy territory of Germania Libera. 

But back to Hohenjo-Daro, As noted in the Annual Report for 1936-37; 

The exposed wills are gradually being reduced to powder on account of the action of salt except 
where overburnt brick* warp used in the original walls which warp the least affected. Gaining by 
thll knowledge, the new brickl were manufactured slightly overburnt in the kiln a* thtie are 

expected to roeiat tho action of *alt more than the average brick_In repairing the building* 

ordinary bricks have bran replaced by slightly overburnt bncka. 

Although walls built of those harder burnt bricks are scattered all over the 
excavated area and. particularly important, are also to be found in the original 
remains still extant in the DK-A, B and C areas, the solid appearance Of these 
bricks could be an indication of restored architecture. The best way to 
distinguish original from restored remains is to examine the evidence of the 
masonry itself, especially in those areas where heavily damaged walls are 
situated close to newly built ones IP1.&). 


An absolutely essential preservation measure is the horizontal insulation. As 
already mentioned, this involves the removal of several layers of bricks leaving 
larger holes, sometimes unfortunately left open for longer periods due to lack 
of funds. For this reason, we blocked up many of them again during the past two 
seasons. 

At least 2-A courses above and below the insulation layer are always rebuilt as 
well, the opportunity sometimes being taken to rebuild the wall completely, 
When, therefore, the limits between the rebuilt brickwork on both sides of the 
insulation layer and the adjoining masonry cannot be traced, the possibility 
that we are dealing with a whole new wall is very high. 

In some cases it is impossible to make an absolute differentiation between the 
old and the new, and therefore these should be marked. When identified, 
structures of varying reliability are indicated accordingly on the groundplans 
and are later highlighted graphically on black and white or coloured plans. 
These plans clearly differentiate between 

- original structures, 

- partially restored structures (several layers, horizontal insulation etc.), 

- completely restored structures, 

- incorrectly restored structures (as can be seen from the groundplans, 
original excavation photographs etc,). 

- untraeeable structures (already destroyed, covered in sand or modi. 

Possibly those areas documented by original excavation photographs should be 
marked separately. 


This entire information plan could then be used as a basis for the evaluation of 
the originality and the scientific interpretation of the structural remains in 
Hohen jo-Oa ro. 
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URBAN: SOME PROBLEMS CONCERNING THE E¥ALUATION 



Fig.I Monastic cells before conser¬ 
vation 



Fig.2 Monastic cells after conser¬ 
vation ISIS 



Fig,3 0K~G ( First Street showing re- Fig.4 VS-A. Southern Part* showing 

taining walls modern retaining walls 



Fig. 5 JIN area, showing holes in the Fig. 6 VS-A area, showing installed 

walls for the installation of horizon- and plastered horizontal isolation 
til isolation 
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URBAN: SOME PROBLEMS CONCERNING THE EVALUATION 



Fig.7 HR-I area, showing restored 
wall with incised date of reconstruc¬ 
tion 



Fig B 9 VS-A area, showing excavations 
192 £ 



Fig .8 V5-A area, showing original 
structures surrounded t>y restored 
architecture 



Fig.ID Same view as Fig.9 today 



Fig,II HR-A area, showing house VIII Fig,12 Same view as Fig*IS today 
with well 1926/27 
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A.AflOELEAND-JANSEN. U.FflAHKE, H.JANSEN 
FORSCHUNGSPHOJEKT HQHENJO-DARO 
RtfTH AACHEN 


AN APPROACH TOWARDS THE REPLACEMENT OF ARTIFACTS INTO THE ARCHITECTURAL CONTEXT 
OF THE GREAT BATH IN H0HEN3Q-DARQ* 

RE PL A£ IE RUNG DFS AUF6EZIICHNETEW INVENURS QER GRABUNGEN DER 201 GER JAHHE 


ZUSAMMENFASSUNG 

Aufgrund der Wiederenttieckung der Grabungsinven- 
tare der Jahre 1921-1&3? in Mphenjo-Oaro kann 
jetzt der Versuch emer ftekonstruktion der Ausgra- 
bung des GroSen Bades in Mohen 70 -Daro urcternammen 
werden, urn dsnn an einem ausgewahlten Beispiel die 
Mdglithke 1 ten einer Neubearbeitung dieser Primar- 
quellen z u untersuchen, d.b. genauer: mit Hllfe 
der Neubearbeitung alier zuganglichen Primarquel- 
len (z, B. Grabungsinventare, alte Fotos der Gra- 
bungsarbeiten und OriginalpleneJ wird versucht. 
neues Licht auf Form und Function des GroBen Bades 
zu werfen, wobei die Problematic der in den Gra- 
bungsinventaren entbaltenon Information stets lm 
Auge zu behalten 1st. 

Durch die Auswertung der Artefakte und die Struk- 
turanalyse der verschiedenen Bebauungsphasen er- 
gibt sich ein wechselhaftes Bild der Funktion die¬ 
ser Architektur im Laufe ihrer harappazeitliehen 
Besiediung. Sp spricht vieles dafur, dafl das Grofle 
Bad als architektonische und funktiqnale Einheit 
schon zu Zeiten agfgegeben Oder vernachlassigt 
wordan ist. als die Stadt noch von "Harappanern* 
bewobnt wurde. 


In 1979 Michael 
registers of the 
library attached 
and Museums of 
these invaluable 
opening the way 


Jansen, one of the co-authors, came across the unpublished field 
excavations carried out in the twenties in Nohenjo-Oaro in the 
to the site museum* Three years later, the Director Archaeology 
Pakistan, M.Ishtiaq Khan, generously granted permission to copy 
documents to the German Research Project Mohengo-Darethus 
for a scientific study of a vast corpus of unique data. 


Work is already in progress on a computer translation of this material giving 
details of coordinates, altitudes etc. in the revised coordinate system which we 
introduced when we started our research in situ. When complete, the decoding and 
systematic reorganisation of the information now variously preserved* while not 
providing us with the ultimate answers to all our questions* will definitely 
provide a sound basis for a critical reappraisal of the entire archaeological 


* With kind per* lie I Oft Of Prof-Durrani „ Peahawar. Originally published in: Proceeding* of the 
1st International Conference of Archaeology in Pakistan, March 1 3B2 
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puzzle of Hohenjo-Oaro.H/ 

Meanwhile, this preliminary report on the present results of the analysis con¬ 
firms our expectation* at the time of the discovery of the field registers- The 
publication of the final report will naturally be delayed until the completion 
of the computer programme. 

Every previous attempt to analyse the distribution of the material culture of 
Hohenjo-Daro in its threedimensional context was doomed to failure for the 
following reasonsi 

1. The finds published in Marshall’s excavation report (1931) are assigned rela¬ 
tive vertical locations “below surface* without any indication of absolute 
depth. On the other hand, Hackay gave the absolute location of the finds he 
published ifi ISIS as "below datum". However. as he constructed his chro¬ 
nological sequence on the basis of the relation of hi* finds to the absolute 
altitude of their finding-places rather than on a stratigraphic analysis, 
both his chronology and his method of indicating vertical location "below 
datum* were denounced by his critics (Mheeler 195A et aLl. 

2 . Absolute coordinates are also largely lacking from the indications of hori¬ 
zontal location in the published reports of Marshall and Mackay - they 
content themselves with an Area/Block/House/Room system or relate objects 
found on the streets to the nearest architectural structures, 

3- The absence of a complete list of finds made to date on the site precluded 
any qualitative-quantitative analysis on their distribution. 

Apart from these serious obstacles, the fact remains that the published reports 
themselves constitute a selective view of the evidence and thus should never 
have been used as only primary source material on which to base a critical re* 
approach towards the Mohenjo-Oaro assemblage. it comes as no surprise, 
therefore, that a comparison of these reports with the original body of 
documentary material - photographs, unpublished reports and the field registers 
- reveals major differences. Of all the original material the rediscovered field 
registers contain information of the greatest importance which will provide food 
for a broad new field of research: * 

identity number - all the items registered are numbered in sequence according 
to the areas in which they were found fe.g, D*c p HR. vs etc.). The objects in 
the care of the museums are mostly inscribed with their respective ID 
numbers, thus allowing a cross-check with entries m the registers to be 
made: 

date of excavation; 
horizontal orientation system; 
vertical orientation system; 
brief description. 


fl/ Before gcUn* on to dficnht the implications of the newly di&covfrvd field register* HI would 
like to fwprftt our dffp gratitude to those who supported our work, especially to H.Ishtiaq 
Khan i Karachi. Director Archaeology and H^atum. and Mia* Salma Sultana, former Curator, and 
h*r staff it thf Mohen jo-Daro Museum for their kind Cooperation, Ue also Hint to thank 
Prof,H.Tqai, Rome, who gave freely of his time and experience in extensive diicussions on the 
computerisation and interpretation of the data during hi* recent stay in Aachen 1902. A 
special word of thanks also to Out photographers who photographed the register* and to the 
ground staff in Aachen responsible for th* computerisation of the dsts. Finally, we are deeply 
grateful to the Deutsche Fprschungigeneiinachaft for its continuing financial support. 
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The field books contain approx. 38.QG0 numbered entries, and thus roughly eight 
times more information than the published reports. 

Altogether 21 areas and subsidiary areas were excavated.(PI.1) While the early 
excavations of Sites 1, 2 and 3 by Banerji MS 22 -23 } and Site i by Vats 
(1923-24) are not represented in the registers available, their plans and photo¬ 
graphs are well preserved. 

The systematic entries in the registers commence in the year 1924 and are mainly 
a record of the archaeological activities of Mr.bikshit (Dx-area). who was later 
to become Director General (1937-44) of the Archaeological Survey of India. 
Oikshit must have had a complete provisional site plan of Hohenjo-Daro at his 
disposal which allowed him to introduce an orthogonal orientation system in feet 
on N-5/E-W axes using point coordinates Ie-g.150x820 I for his 1924-25 exca¬ 
vations. This network of horizontal point coordinates (PC) was incorporated not 
only in the OK A, ft, C, 0, D" and £' areas in the so-called Mower town" but 
also in sites F and SO on the "citadel"* 

The trial trenches dug in T924-25 are scattered all over the site.(PI.2) A$ the 
same horizontal point coordinates system is used to refer to them in the re¬ 
gisters* it is clear that a detailed geodetic net must have already been worked 
out. A comparison with the new metric net introduced by the German Research 
Project uncovered only minor deviations, arising from the differing orientation 
towards magnetic as opposed to astronomic north. 

With the appearance of Marshall 192S-2B (PlM) Oikshit's orientation system 
changes from point to area coordinates <AC-system}. The indications of horizon¬ 
tal location- in the field book entries are based henceforth on a TOO' grid 
subdivided into twenty-five ?0‘ units. The successive 100 ' grids are labelled 
alphabetically from E to W and numerically from n to S whereas the subdivisions 
are numbered from 1 to 25. Thus the I□0 grid coordinates 2411 are located in 
the centre of the 'Great Bath', in the tank. 

This AC-system is shown on most of the maps published by Marshall (193!) and 
Hackay (1930). Although Marshall probably changed the nomenclature from PC to At 
for reasons of rationalisation, the fact remains that for the purpose of modern 
analysis DikshitM PC-system is more practicable as the area coordinates 
referring to 20 xZO’ units are too inexact* 

Or.H?ckay . whom Marshall appointed as his successor on the excavation at 
Hohen^o-Daro, introduced a third horizontal orientation system when he started 
work in the l-area, Rejecting the overall grid system, he preferred to indicate 
each individual location by relating it to the relevant architectural units. 
Wherever he believed he could identify compartments< he numbered them in 
sequence. In his publication of 1S38 i he gave practical difficulties as the 
reason for the change of orientation system (ibid, XIII) r 


Bfrfore excavation the ground hh» pegged out in tqulrfi of 100 ft. and it was from the nodal point* 
that the building* Here planned. These- points w*r# remarked 11 required at lover and lower levels 
with the help of a theodolite. We soon found, however, that we could not uoe the** square*, even 
if subdivided, for the identification of either of the fmdepoti of the objects unearthed or cf 
the politico of the regno; for frequently «e found Quriflvts working in roomt with high wfeLli on 
a 11 Bides, so that it would have required a very elaborate and time wasting process to correlate 
the poltxon of our finda with the squareo. Accordingly we adopted the lyltti of numbering rooms 
and vans. 

Mackey's relative system fp-system) was adopted by Ra0 Bahadur Days Ram Sahni in 

the HR-8 and VS-8 areas in the 1926-2f season. Although it had the advantage of 

allowing finds to be correlated directly to the structural remains, the disad¬ 
vantage of the system was that it could only be applied with the help of a plan 

Showing the room numbering. 
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To complete the confusion, non# of these horizontal orientation systems is in¬ 
corporated in the final publication: here a fourth system is introduced, whereby 
each Area. Sub-area, Block, House and Compartment receives its identification 
tag [e,g. OK -G north 1 II 15). At the same time this published system* which was 
not used in the field books, represents the final structural interpretation of 
the architectural remains. 


Whereas the first two orientation systems described above can easily be recon¬ 
structed, Hackay s relative system can only be deduced from a comparison of the 
field book and the published systems, as the ID-number is the only information 
incorporated unchanged in both. However, as not all [0-numbers are published, 
the room numbering system has to be completed mathematically. There is still 
hop# that Hackay s field plans showing the original room numbering will turn up. 
The disadvantages of this room numbering system have already been demonstrated 
for the DK-J or Honeer Site tcf, Jansen in Wheeler Memorial Volume, Delhi* un- 
published). Its excavators, Honeer (1933-341 and Puri M93G-37I* both used the 
same room numbering system. Unfortunately, as none of their excavation plans has 
since turned up, about 1,100 registered finds cannot be related to their proper 
architectural contexts. 


Only two vertical orientation systems, a relative depth system ‘below surface" 
and Mack a y s absolute depth system ‘below datum". were used in the field books 
and taken over unchanged in the published records. Mackey's vertical system can 
be used to relocate the finds threedtmensionally, In this respect his system-, 
which came in for heavy criticism by Wheeler et al., turns out to be very fruit¬ 
ful for current research. Although his stratigraphic interpretation based on 
absolute depths is incorrect, the absolute reference system itself could con¬ 
veniently be used in an analysis of the distribution of find clusters at various 
depths which, when correlated to the relevant architectural context, may 
contribute towards a revised relative chronology of the settlement. This problem 
will be discussed in greater detail below. 

Before such an analysis can be carried out, all relative depths ‘below surface* 
have to be given absolute values. Only then will it be possible to correlate the 
excavated objects with the structural remains cleared by the German Research 
Project. 


The pre excavation topography of the site can be reconstructed with the help of 
the following primary source material: 

U the unpublished topographic map of the site before excavation, recently 
rediscovered by the authors (Francis plan); 

2) photographs of partly excavated structures complemented by the results of our 
Levelling operation, 

31 the levelling of all wall tops and, finally, 

<1 recorded information. 

With the reconstruction of the horizontal and vertical orientation systems and 
the resultant relocation of the finding places of the objects registered in the 
field books, the real work of analysing the entries scientifically and interpre¬ 
ting the stratigraphic distribution patterns of find clusters can commence. 

THE GREAT BATH: AftCHITECTURAL FEATURES AND ASSOCIATED FINDS (PL . 3 AND 41 

The Great Bath has beer selected for closer analysis because it is not only one 
of the most prominent structures in hohenjo-Daro but also because it has attrac¬ 
ted most critical attention. This is evidenced by the fact that it has been 
largely rebuilt (about aol; PI.51. and occasionally the opinion is even to be 
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heard that the Great Bath doe* not fit into the familiar Harappan pattern and 
possibly might rot be Harappan at all. 

The complex was excavated in 1325-26 by Sir John Marshall and Mr. Siddiqui (after 
whom the northern. 50-area of the citadel is named). Marshall's first report of 
their work in the tank section appeared in ARAS1 (1925-26) p,72 ff, ; 

Simultaneously with th# iinking of the deep trial tranches described above, an area of aom* g,D00 
square yards was excavated to the south-west of the Stupa wound and a complex of buildings brought 
to light, more imposing than any yet found on the site. 

Most striking among the buildings discovered is the massive structure designated the ’'Bath", 
which lies parallel With the weat side of the stupa Court and about 100 feet from it. 

One of the largest structures in the SO complex, the Great Bath measures 52m 
H-$x32,4m E-W, covering an area approx. IGflSsqm (PI, 6) in extent and thus 
roughly comparable in size and proportions to the 'Granary* west of it (54m 
E-Wx34m H-S, IfllBsqm). 

There is a third structure of similar dimensions, Block 19 in the OJt-G north 
area, 54m N-Sx34 E-W. 1836sqm, (PI . T ) The foundations of this structure would 
appear to indicate another unique piece of architecture in the HD context. 

These three are the only large structures which are rectangular - the Granary 1 
only being rectangular in its original form without later additTOns in the $E. 
Incidentally, their proportions (Great Bath - 0.62, Granary' and BLoCk 1 9 - 
0.63 each] are reminiscent of the Golden Mean (0.G1B). though naturally there is 
no evidence of any consciously planned proportional concept. 

Still the best guide to the layout of the Great Bath. Marshall's plan (Marshall 
1331; PI,XXII) shows both the original and the reconstructed portions.(Pi. 61 
As becomes immediately apparent from the plan, there are no adjoining structures 
and it would appear yto have been surrounded on all four sides by streets or 
passageways. The western passage was subsequently narrowed by Block 6 of the 
neighbouring Granary’ and eventually blocked completely.(Pi.81 The northern 
passage was also narrowed at a later date. 

That the western passage formed part of the original circumambulatory can be 
seen from the fact that it was on the same Level as the other passages, clearly 
indicated by the top of the extant drain leading northwards from the tank before 
turning west after a few metres across the ME edge of the lower part of the 
'Gra nary *, 

It follows also that the lower part of the 'Granary' is older than the Great 
9ath and that at least the eastern portion of it was below ground level when the 
Great Bath was in use. It may be concluded that only the upper part of the 
Granary represented by the surviving passages and blocks may have been 
contemporary with the Great Bath, This, too, would indicate that the upper part 
of the Granary' had no direct functional connection with the earlier 'loading 
Platform' as Wheeler suggested,1 PI.9) Further analysis of the 'Granary is 
currently underway as Wheeler's original plans have been located. 

STRUCTURAL ANALYSIS 

In its present state the 'Great Bath - is a conjectural reconstruction according 
to Marshall's plan (1931; Pi.VII), and therefore represents a subjective 
interpretation not always backed up by archaeological evidence. In the 
following, an attempt will be made to reinterpret the structural remains as they 
appear on the original groundplan and photographs. 
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As the original plan shows, the structure consists of five concentric rectangles 
of which the innermost one forms the tank itself. Originally, a circumambulatory 
around the entire structure formed a sixth rectangle.(Pi.a) 

All the rectangles except the fifth comprise two symmetrical halves divided by 
the N- $ axis represented by the two flights of steps leading into the tank. The 
fifth rectangle is incomplete - on the irf it runs into the western side of 
rectangle four. Only thus could the circumambulatory be continued on this side, 
where space was restricted by the older 'Granary' structure. 

Investigation showed that the central tank was completed after rectangles 2 and 
3. which were constructed contemporaneously. Rectangle 2 either represents an 
earlier, larger tank inside which the present central tank was built, or it was 
no more than a functional support erected to ease the construction of the 
elaborate central tank./W Concerning rectangle 2. Marshall remarks (1931: 13G): 
Consolidated all lh*.e wall* art with mud filling, they would >wn to have supported mn 
ambulatory around th* bath of the width of 15 feet or •<> ... It la poe.ible, of cturu, that the 
middle ore Df the three wall* lufrounding the bath 1 U 0 had a eerie* of aperture*, though no trace 
now reniini of them. 

flinblir* iugg*align that a itcond raw of pillar* onct existed m*y pjrfiap* bt borne out by th* 
prtunci of the two retaining wail* in th# $ and the four m the H, again *ymetric in relation to 
th* dividing N-S ixli. and by the Uv* Uretaining waits in the E. Thi* would mean that th# 
only icctii to the central tank would have been via the flight of step** a a the distance between 
it and the lurroundrng inner pillars wnulcf have been too narrow for an approach., The four brick 
pier* (26-313 nay have aerved as pillar support*. 

On the other hand, it baa been suggested that these pier* may have been intended to support some 
Ofnafllental feature*, *uch sf, column* or statues. IMirnhall 1931 j 1351 

As direct structural ^vid^nce is lacking^ however, such suggestions are no more 
than speculation, Regarding the third rectangle Harshall writes (mi! 13 SS: 

Th* outermost o# the three wall* .urrounding the bath support* a fenestrated wall overlooking this 
portion. Assuming ihal the aperture* in thi* wall on th# eastern side* -ere of the shh size a* 
thoie on the north and south, Ik iepma probable in view of the preservation of th* two that ptill 
remain at the southern end of the western wall, there would have been nine on either aide. 

(Ten according to the plan I 

Although only a few of the hypothetical ?0 original pillars making up the 
eastern and western rows have been traced in situ. Marshall's proposed recon¬ 
struction appears highly probable. Worthy of note is the fact that the inter¬ 
spaces had high sULs 10.5m approx.), which prompted Marshall to call them 
‘windows’. His argument that the sills are later additions is unacceptable as 
originally they would have been IT below the contemporary pavement (ibid. : 
136, footnote). In that form the interspaces could not have served as direct 
access routes to the central tank. 

While searching the records for a reference to an entrance, we came across a 
remark concurring with the plan, a cross-section drawing and a photo.(PI. 10J 
Marshall writes I ibid,; 135); 

Th. upper part* of th.. freelance 31 are pr.B.rv.,1 to a certain height at th* northern and 

southern end.. both end. being provided with it. aperture*. The.* aperture., except one .hlch Mi 
u*td .» a doorway . were at a later date partially filled in and served a. window*. 

This entrance would have provided direct access from the s to the southern 
staircase on the R-% a*is. 


f\J Tfw secern! explanation attfl* tg h» *or* rmliitlc. 
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The circumambulatory provided mere visual contact with the central area through 
the fenestrated wall, whereas access to it was only possible from the £. Two 
entrances in rectangle 4, representing the outer limit of the circumambulatory, 
likewise opened on to it from the S, A single row of chambers bordering the 
eastern side of the circumambulatory can all - with the exception of room 20 
be entered from it. 

The outer limit of the entire complex is represented by rectangle 5, a wall more 
than 2m thick. As in the ease of rectangle 4, a double entrance system com¬ 
prising two openings leads through rectangle 5, likewise from the S»(Pl+8) This 
form of double access recurs in Hfii-A, Block 1 a a large structure also entered 
from the S with a pair of staircases leading up from the doorways to a northern 
section more than 2m above the lower part. 

Besides the openings in the £. there was a further one in the northern side of 
the outside wall of the Great 8ath which was later blocked up. Two large ]ira 
were reported to have been found here in association with a well paved floor 
surrounded by a brick wainscot. Marshall termed these jars "funerary vessels" 
(ibid.: 137 a note 5 1 * which, as our investigations have shown, seem to be more 
likely containers used in connection with bathing platforms.(PI * 11) 


Apart from the ring system" of concentric rectangles, there is a "transparent* 
zone in the northern part of the structure formed by three rows of pillars which 
once supported the roof of a hall measuring approx, 22m E-Wxl5m N-S and covering 
an area approx, 330sqm in extent. As the central axis of the tank is not 
continued northwards in the form of an access route to the pillared hall p the 
latter was presumably entered from the circumamblatory* So far no direct 
information on the function of this hall could be obtained from associated 
finds. 


The archaeological evidence shows that the function of the Great Bath changed in 
later times. The various stages of structural alteration can no longer be recon¬ 
structed. but at least the final form of the building before it was abandoned 
can be de termmed . t PI. 1 2 \ The most radical alteration was carried out in the 
northern part of the complex where a staircase leading to an upper storey or to 
the roof was built in passage 21, thereby blocking off the doorways to rooms 2D 
and 24, It is uncertain whether the entrances to rooms H, 17 and 18 were 
blocked up at the same time. 


Later still, the circumambulatory around the tank was intersected at intervals 
by doorways and the northern pillared hall was partly blocked up resulting in 
Several smaller compartments.(PI,13) All entrances to the tank except the 
southern one were sealed. The accesses from the £ to the ambulatory were reduced 
to one. In general, the ingenious layout was transformed into a cluster of 
micro-units, indicating a clear change in function. The external circumambula- 
tory was also interrupted through secondary blocking in the 5W and N. 


A roughly built drain traversing the south-eastern entrance through the external 
rectangle 5 about 2.5m above pavement level indicates very late functional 
activity long after the lath complex was aba ndoned.I FI.14) 


RELOCATION AND ANALYSIS OF FINDING-PLACES OF OBJECTS RECORDED IN EXCAVATORS 1 
FIELDBOOKS 


The only way possible to relocate the finding-places of 
Great Bath was to reconstruct the original coordinates. 


objects unearthed in the 
This was done with the 
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help of the few objects published by Marshall in 1331 (App.il. whose coordinates 
were distributed m sufficient number over the area to allow the approximate 
grid to be worked out.(PI.15) 

Later we discovered a provisional plan of the Great Bath showing the excavation 
grid omitted from the later published plan. 


Trench f, south-east of the Great Bath, provided the information required to re¬ 
construct the point coordinates and thus also to correlate the two systems, e.g. 
coordinate 24 - IBflO'. 11 = 31*0', The numerical sequence runs at 1Q0‘ intervals 
from N to S <25 = ITflO 1 ) and E to W (mm = 3240). The reconstruction showed that 
the 10B' grids are named after the position of their SW corners and the 20' 
sub-squares numbered in vertical columns beginning with square 1 in the N£ 
corner and ending with 25 in the SW (Ardeleanu 1981). 

Once a horuontil orientation system for the Great Bath was made available in 
the form of the reconstructed grid, work could commence on correlating the 
10-numbers of the relevant finds in the registers with the grid coordinates. Of 
the 725 10-numbers isolated from the registers 40 had to be disregarded doe to 
inadequate description, leaving a total of £85 for statistical analysis (Aop 
III. 

ANALYSIS OF THE REGISTERS 


Generally, six data are recorded for each register entry; 

- consecutive field number 

- date of excavation 

- square and subsquare as horizontal orientation 

- level as vertical orientation 

- short description 

- if on loan to another museum the relevant key number was entered at a later 
date. 


. must be considered subjective as they are 
and were formulated by several different 


These six data can be divided into two classes, the one formal and objective 
the other descriptive and subjective. The non-descripttve information regarding 
number, date, orientation and key number can be considered objective as it is 
fixed and verifiable. 

The descriptions, on the other hand 
based on non-standard criteria 
excavators./I f 

These criteria concern - at 
reliability; 

- number 

- sue 

- material 

As it is not possible at present 


the most 


six specifications of varying 


- condition 

- form 

- function 

to check the descriptions by comparing them to 
the relevant objects, the data can only be analysed and interpreted on a general 
level in view of the vague and subjective nature of the information available. 


ANALYSIS OF THE OBJECTS 


Before an iterative evaluation of the data can be attempted, the material under 
analysis has to be classified along clear-cut lines. 


/!/ Th* descriptive criteria war* *t»nd*rdi B r<j by Nick*y in 1327 , 


SO 
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It must bfi borne in mind, however, that due to the descriptive nature of the in¬ 
formation gathered to date its classification must t>e subject to certain re¬ 
strictive conditions. But once laid down. these conditions represent a useful 
set of basic criteria according to which the register entries can be evaluated. 

As a guideline we availed of the object classification system already devised 
for the Hundigak material by Jarrige/ToS! (1979: IZTf.WW: 
subsistence * foodi fuel, clothing/dress, shelter; 

instruments - wasters, tools/weapons, ves sets/tonta mers , building materials, 
paints/dies , glues, raw materials; 

administration - seals, sealings, counters, tools for control and registration 
of economical transactions; 

prestige and - figurines, sculptures, beads/pendants p bangles/rings t inlay 
ideology work, objects of no direct economic purpose. 

As already expressed by the authors cited MS79: this classification 

according to function is still fairly broad and further specific refinements 
must await more detailed study. Therefore our adoption of this preliminary 
system must not be taken as definitive, but rather as a working model whose 
results car only be adjudged in relation to the prevailing conditions. 


THE RELOCATION OF THE OBJECT FINDING-PLACES 


In order to study the threedimenstonal distribution of finds in their 
architectural context an ideal programme was worked out.tPlMTI 

Due to the inadequate state of our information on the objects, however, this 
ideal programme cannot yet be attempted, in the meantime, we have resorted to a 
provisional study programme based on the data available at present. 


HORIZONTAL AND VERTICAL DISTRIBUTION OF THE OBJECTS 


The horizontal distribution can be analysed on the basis of either the grid 
system m use - thus obtaining an impression of the general spatial distribution 
- or the architectural context, which would allow conclusions on the functional 
aspect to be drawn. 

The second method brings us up again the problem that the grids do not 
necessarily correspond to architectural units, as the compartments, houses and 
blocks were only numbered consecutively from 1927 onwards. The correlation of 
the grid system and the architecture is shown in App.IlI, which differentiates 
between grid square? that are identical in area to architectural units (I) and 
those not identical (Nl), i*e* where structures overlap into neighbouring 
squares. A computer analysis currently in progress will supply us with the syn¬ 
chronic percentage distributions of objects necessary for the optimum evaluation 
of the correlation. 

As regards vertical orientation, the level of the finding-places of objects un¬ 
earthed before 1927 is recorded only in feet below surface. Although in the 
final published reports the architectural measurements are given in relation to 


/!/ Wf have *ade the following alight alteration* to thi* nyrntwm: unidentified ©bjett* or* 
included fro* th* inetrunenU din while raw mUdiIi af# added to it. Inlay work i* 
included under pre*t1ge and ideology. A* yet, the witter* group of object* bear* no relevance 
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a datum level /l/. it was only possible to work out the absolute level of a find 
in a single case / 2f reported to have been located on the pavement of passage 3 
at a depth of 10'!* 52.9fim above M$L.). 

The basic sources for the reconstruction of the topography before excavation 
were: 

* our levelling of the surface and the present state of the architecture; 

- the old photographs taken during the excavation; 

- the records of finds which give their location in relation to structural 
features such as pavements, staircases etc. 

By means of an iterative approximation the absolute levels of the subsquares 
were reconstructed as shown. I PI. 16 and App.lr) The comparison of our levelling 
of the Great Bath with Marshall's (1931; 135) showed a mean deviation of 1.7m 

approx., while the comparison of our MSL . data with other datum levels in 
Hohen 30 -Daro proved ours correct./!/ 


To ease the analysis of the objects recorded as having been found in the Great 
Bath area, this structure was broken down into five units. The following table 
gives the percentage distribution of the total of 585 finds among these 
structural components; 

1. Inner courtyard, bounded by fenestrated wall (rect.3) 

(including circumambulatory between rects. 3 and 4) 

2. Eastern row of compartments/*/ 

3. Southern entrance room 

4. Tank 

5. Northern hall 

The tank itself is covered by only two complete subsquares 

and parts of ZSmml and 24mm5. is it is not yet possible to evaluate the 
distribution of finds in the latter pair they are omitted from this analysis. 


five 


4 1.461 
29.791 
11.921 
8.191 
7.301 

151121 and 2*1125, 


According to the registers, there is a concentration of objects S' below the 
surface, i.e. on the original floor level of the tank ISO,80m above HSU; 

Objects found 9' (SO.fiO.m above H$L) below surface (2511211- 
SO 


1959 

rninZ 

shell objects 

1960 


three globular beads 

1962 


steatite seal with pietographs/5/ 

1963 

mm2 

faience beads (at foot of staircase) s 

1964 


piece of silver 

1965 

mm 2 

copper objects 

1966 

f 

bone pieces 

1967 


fragment of bangle 

1968 


scraper 

1969 


stone piece (rectangular1„ (2nd pavem 

1910 


round stone 

1971 


conch shell 

1972 


3 t■ci toys 

1974 


white stone 


St l?3h above 1$L 


/I/ The top of the well in fllE (Harahill 1931s 135 U 160.1' 

/2/ Bull figurfne SO 2104 marshal 1 193l> 138);P1.18b 
ni Thar*fare it .Hist be ••aum*.* that the bench *>ark on the well in 018 is too hi B h bv 

M/ The largest amount of objects was found in R13 - 63 (9.1921 - and in R14 - 4* 16.422) 

/5/ This seal, the only or* found in the tank, it not mentioned in Marshal1*• official excavation 

report, but i* included a* No.458 in hi a Uat of seals {Marshall 1931s 405, PI.CXII, 4SBI and 

published in AflAS 1 1925-6, Pl.XLVand in Koskenniemi/Parpola (1973; 41. No. 145B23099I; cf. 

Pl.THc. Jt is stored in th* Lahore Museum where it ha* been recently identified by A,Ardeleanu 
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Objects found S' above USD below surface 1241125): 

SD t999 shell bangle fragment 

2000 lump of copper 

2052 copper chisel 

2054 cube shaped bead 

The following objects were found at a depth of 6.5' 151,05m above H5D close to 

the foot of the staircase in subsquare 251121: 


so 

1526 


faience object 


1527 


circular faience object 


1528 


three scrapers 


1529 

mm2 

copper objects 


1530 

mm2 

faience beads 


1501 


ball 


1532 


fragment of carnelian bead 


T 533 


tiny black coloured pot 


1534 


conch 


1535 

min 2 

faience objects 


1536 

min2 

fragments of black ware 

SD 

1596 


t * c + animal figurine 

SD 

1645 


t.c. bird 


The highest concentration of finds close to the floor of the tank is reported 
from the southern portion - S4.63L This may have been caused by the downward 
slope of the floor towards the S* 


Due to the fact that we cannot he sure that the objects were found in their 
primary positions, any interpretation gf the t h reedimensional distribution must 
start from the following assumptions: 

- the objects found closest to the floor or pavement offer the most reliable 
information about the time when the Bath was still in use; 

- the general contents of the tank itself furnish information on the time it 
ceased to be used, which probably coincided with a functional change of the 
entire complex: 

- the objects close to the surface are the best source of information regarding 
the later and final use of the area. 

We are aware of the dangers inherent in such a simplified chronological 
approach; nevertheless h we feel sure that the hypothetical disturbances in the 
operation of the Great Bath can be calculated statistically from a recheck of 
the finds, including those now scattered in various museums. 


HORIZONTAL AND VERTICAL DISTRIBUTION OF OBJECT CLASSES 

On trie basis of this general approach towards a spatial and stratigraphic 
distribution in relation to the classification outlined above the following pre¬ 
liminary results were obtained: 

1. General percentage distribution of object classes (after Jamge/Tosi 


19 79 > : 

1*1 Subsistence 13.28Z 

1.2 Production 24.10Z 

1.3 Administration, 

communication 2.201 

1.4 Prestige, ideology 39.852 

1.5 Unidentified frag¬ 
ments 17,952 

1 - 6 Others 2.622 


t00.002 
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2. Percentage distribution of the same object classes according to: 

1. clusters on or close to floor level, or 2. clusters close to surface- 


Subsistence 
Production 
Admin is t ration 
Prestige, ideology 
Unidentified objects 
(floor and surface) 


1) Floor 
10.001 
T . 4 02 
1 . 501 
34.001 


2 ) 


Surface 

6.501 

10.002 

1.562 

12.102 


Difference 
3.502 
♦ 2.502 

» 0.062 

- 21.902 


--16.942 


As this preliminary classifica 
prestige and ideology class 
followed by the production (24, 
117.952) - subsistence cl 

communication is represented by 
When differentiated according t 
objects decreases from 34.002 
the production class increases 
also decrease towards the surf 
almost constant. 


tion of finds shows, those assigned to the 
predomiate in the general distribution (19.652). 


102) and - if we exclude the 
asses (13.262), whereas 
a mere 2.202 of the total, 
o find Cluster levels the 
on the floor level to 12.102 
from 7,401 to 10.002, The subsistence indicators 
ace whereas the administration class remains 


unidentified objects 
administration and 

prestige class of 
on the surface while 


PRELIMINARY CONCLUSIONS 

The structural analysis of the architecture of the Great Bath reveals at least 
four phases of construction activity; 

1 ) 


The initial construction with those imposing features which show that it was 
intended as a representative piece of architecture, e.g. rectangular form 
proportion 0.63, enclosing walls about 2m in thickness, concentric layout 
around the central tank, central axis as the structural backbone of this lay¬ 
out with an additional functional aspect (twin staircases, probable twin en¬ 
trances from the SJ , transparency (transit rooms) of ahaut 002 of the 
structure, signs of circumambulation, prominent situation etc (PI 8) 

2) Functional alteration as described by Marshall (ibid.: 178), Indicated by the 
blocking up of all entrances but one in the S, raising of floor level in many 
compartments. bricking up of parts of inner fenestrated wall intersecting 
inner circumarnbu1 a tory. blocking up of northern staircase necessitating the 
sealing off of room 20, building activity in the H and the w resulting in the 


obliteration of these portions 
circumambulatory).(PI, 12 ) 


of the outer surrounding 


ng 
streets 


(outer 


31 !; a ;r" men \ 0f fwitctio " probably coincidental with the de¬ 

struction of the complex. Filling of central tank with debris, removal (de- 


reuse as pro- 


struction?) of eastern and western rows of pillars, partial 
duction area (cf, ARASI 1925-26: 781. 

^ trancl^^onorin 8 Jh 910 / iOSe the SumCB traversing the southeast en¬ 
trance and ignoring the structure underneath which was already completely 

Besides these observations regarding the structural history of the comolex the 

Of the prestige , M i!.™ 1» 

deer.... upw,rds wher.es the oroduetton cless .ejects incte.se. is most of the 
filling seems to be composed of secondary debris which consists - with one re¬ 
ported exception <SD 2685. a 6rahmi-inscribed potsherd) (FI.20) - only of 

Tul'ZllTtll^r U f ° il0WS 6reit Blth mUSt haue bee " Abandoned as 

such while the Harappans were still in occupation of the site. This also applies 

to the Granary west of the Great Bath. w 
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As regards the structural chronology of the ’Granary". it has already been 
pointed out that at least the eastern and southern portions of its lower part 
were underground when the Gath was in use, as the line of the dram leading from 
the latter and the level of the surrounding streets would appear to indicate. 
The upper part of the "Granary 1 may have been in use slightly earlier than and 
contemporaneously with the Great Gath, Judging by the layout Of the drainage 
system in Main Street W of the Great Bath H this complex was also contemporary 
with all the neighbouring structures serviced by this drain. 

CONCLUDING REMARKS 

Even if this analysis of the Great Bath is only a preliminary one it clearly 
shows the huge potential of information latent in the site data still awaiting 
analysis. This opens up a new perspective for Hohengo-Daro research as the work 
of interpreting the body of data had hitherto been stagnant for fifty years. The 
detailed work of recheeking the primary source material uncovered by past ex¬ 
cavators becomes increasingly important as permission to excavate anew is rare 
nowadays. This detailed recheck was only made possible by the careful docu¬ 
mentation work done by the excavators themselves; although their later critics 
were by no means reticent, their criticism was directed chiefly at the various 
interpretations of the data rather than at the data corpus itself. Though ail 
the primary material was available to research in the Mohen^o-flaro museum nobody 
seems to have used it for more detailed analysis. 

In retrospect, it can be safely claimed that even by modern standards the early 
excavators left a careful record of their findings which is only beginning to 
receive the critical attention it deserves. 
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APPENDIX I 

Objects published in Marshall (1931) and the correlation of grid-archit^ctute 


10-numbers 



page 

SO 570 ?5mm/7 

passage west of 

R0 

; ns 

711 Z5mn/2 

western wall of 

south side of the bath 

: 116 

1106 2511/13 

s/w corner Rl3, 

near doorway 

: 139 

1158 25mm/7 

passage west of 

R0 

; 118 
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1231 2511/16 4th cell from the N on the eastern side 

1399 2511/15 passage 12 opposite R 15 

1535 2511/21 debris of tank (foot of staircase] 

1759 2511/14 A5 

ITEM 2511/15 passage 12 opposite R15 

1855 2411/24 clay filling between the 2 northern piers. 28 and 29 
1899 2411/24 filling between the two northern piers. 28 and 29 
1963 2511/21 debris of tank (foot of staircase] 

1984 2511/18 passage 11 

1998 2411/23 R26 

2052 2411/24 debris of tank 

2172 2411/19 northern wall of eastern side 

2194 2511/19 an pavement of passage 3 

2214 2511/11 R15 

2375 2511/11 R15 

2390 25mrn/l debris of tank 

2447 2511/11 R15 

2552 2411/16 top of filling northern part staircase 21 
2577 2411/13 R18 

50 2390 and SO 2184 can be seen oh PI.18; SO 2175, 1231, 1535 
2214 and 2447 on PI .21 


1 190 , 


APPENDIX II 


Numerical distribution of 


No. A.H. 0. 

2411/6 57.00 1 

/7 58.5 0 

8 56.5 0 

9 56.00 0 

10 56.00 2 

11 57.00 4 

12 56.00 20 

13 56.00 20 * 

14 55.5 2 

1555.5 16 

18 57,00 21 

17 56.00 0 

18 56.00 5 * 

19 55.5 1 

20 54.5 9* 

21 57.00 0 

22 56.00 S♦ 

23 55.5 18 

24 55.00 22 

25 53.00 T 
Total sum of objects 
Not representative 


No. 

24mm /1 
2 

3 

4 

5 
E 
7 

6 

9 

10 


artifacts 

A.H. 0. 
NR 
NR 
NR 

55.00 
54.00 

NR 
NR 
NR 
NR 
NR 


in relation to subgrids 


725 
- 40 

685 


0 

0 

0 

1 

1 


No, 
2511/8 
7 
0 

9 

10 
1 I 

12 

13 

14 

15 
l G 

17 

18 

19 

20 
21 
22 

23 

24 

25 


A. 

55 

56 
55 
5G 


H. 

.50 
, 00 


0. 

7* 

9* 


.00 21 * 

. 00 0 


55 

55 

55 

56 

54 

54 

55 

56 

53 

54 

54 

55 


.00 44 
.00 17 

.00 63 
.00 20 


. 5 

.5 


92 

4 


No. 

25mm/1 
2 

3 

4 

5 

6 
7 
9 
9 

TO 


objects taken 
into account 


.00 27 
.00 13 

.00 40 
.00 E 
.50 14 
.50 37 


A.H.s absolute 
0 .- objects 


A.H. O. 
54.50 8 

54.50 32 

54.50 10 

55.50 21 

54.50 15 
55.00 29 
55.00 28 

55.50 10 


height 


5S 


136 
139 
133 
13 0 

139 
135 

135 
133 
1 36 

140 
133 

136 
1 38 
139 
139 
133 

139 
1 4 1 

140 
1999 , 
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APPENDIX III 


Correlation 

of grid 

system *ith 

architectural structures 




Tank: 



Inner courtyard 

Entrance : 


Northern hall: 




mel .circumamb, : 







Objects 

Objects 

Objects 


Objects 

2511/21 

I 

40 

2511/18 

N I 

21 

25mm/9 MI 

10 

2411/16 

MI 

21 

2411/25 

1 

T 

H 

I 

4 

4 N [ 

21 

17 

MI 


25mm/1 

N I 

0 

16 

I 

92 

2511/24 MI 

37 

18 

MI 

5 + 

24mm/5 

m 

1 

2411/20 

I 

9* 

19 Nt 

13 

21 

MI 

f 





19 

1 

1 



22 

1 

6 * 

8.10/ 


56 

24 

MI 

22 

11.821 

81 

22 

I 

18 




24mm/4 

1 

1 



24mm/1 

MI 

-- 




9 

I 




2 

I 

— 




10 

I 

— 



3 

I 

-- 




25mm/8 

I 

15 



5 

MI 

-- 




7 

Ml 

z a 



7 

I 

-- 




6 

MI 

28 



8 

r 





2 

MI 

22 









3 

MI 

10 



7. 

302 

50 


2511/23 MI 

14 

41.462 

284 


Room 5 

2511/14 

MI 

20 




13 

13 

NI 

63 




U 

12 

MI 

17 




15 

11 

NI 

44 




16 

2411/15 

MI 

18 




17 

14 

HI 

Z 

Actual sum of objects: 

675 

100.002 

i e 

13 

MI 

20* 

Mot traceable: 2511/22 



15 

12 

MI 

20 

2*11/M 


1.462 


29. 

782 

204 

Total sum of obiects: 

60S 

too .002 
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1920 40 50 64/5 
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• Feet grid (1200 x BOO / Dikshlr) 

0 100 feet square grid {24 LL / Marshall) 

* Room numbers (Hackay) 

1 Non identified orientation system 


AH - absolute bight 
RH = relative bight 
M = Maps 
R = Registers 
PH - Photos 


P1.1 Diagram of excavations showing their 

available 


time distributions and sources 
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~r~ 


?50D 


m o 

1-T" 


SEILt r 


X100 FT 


MOHENJODARO 

^ 1925 


_ MOO 


_l§00 


10DQ 


PI. 2 First site plan of Mohen jq- Darp published in ARA3I 1924-25, PI * XVI 
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PI.4 Aerial photo from the South 
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, and ti} i96 0 


Pi.5 Ih# Great B*th‘,view frum H to ^ a) in the twenties 


G1 
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PI.7 Block IB DK-G North 
Hackay 193B, Pi.XII 


Strc Et 


Plan of 'Great Bath' after Marshall 


1931, PI.XXII 
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PI,8 Plan of Great Bath* showing the access system at its last stage 


U|it IATh 



PI, 9 C ros s - se<;t ion 'Granary' a ml Great Bath' 
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PX.1Q Entrance in the South (Sind Pl.tl 'Funerary vessels' (Sind Vol VI 
Vol.VI 1924-25) 1924*25: 1ST] 


ORIGINAL STAGE 



Pi-12 Functional systems of access to 
nal stage 


LAST STAGE 



Jkt entrance £roni ptiL l lc apace 
▼ Internal space 
0 hypothetical internal space 


Great Bath 1 in its original and its fi- 
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Fl.K view of a drain of a Later period (Sind Voi.VI 1924-26. pi .1341 SD site 






ARDELEANU-JANSEN ET AL,; AN APPROACH 7OH ARDS THE REPLACEMENT 



PI ,15 Great Bath' with excavation 
benng of grids and subgrids 


grid after reconstruction, 


showing the 


num- 
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LtKPLECItY OF THJC BODY OF AflCHAilJ'UX^rCAL CAT? 

I 


maTfh.At. cung he 


<- 

not wocsvat&d 

["wt analysed 

I 

I 

i 


excavated - 


- setocticxi - 


fftraooaxi 


m situ 


-cSdeueramatign of data 

- ^DtograpiYs 

- plans 

- registers 



n*17 Concept of an., I y,* i ng the archaeological data of Mohen jo-Daro ( revised vers ion) 





































































ARDELEANU-JAHS&i ET AL.: AN APPROACH TOWARDS THE REPLACEMENT 



PI. ill a) small pot of 
celadon l'1/4* (SO 239fl 
from Sind Vol.Vl 1924-25: 
pi.205): b) bull ISO 218* 
from Sind Vol.Xl 1.92G-27: 
pi,3041 cl seal ISO 1962 
from Sind Vol.VllI 1925-27: 
pl.*U J 




PI. 21 

a) a decorative shell ob¬ 
ject of star like shape ,(sd 
2375 from Sind Vol.XIl 1926 
-27* 504); 

b) a banded camelian bead, 
(SD 1198 from Sind Vol.XIl 
1926-27s 506)j 

c) a rectangular piece with 
red paint & white bands upon 
it,(SD 1998 from Sind Vol, 
XU 1926-27= 506): 

d) shell object,(SD 2214 
from Sind Vol.XIl 1926-27: 

603) j 

e) ornamental shell objects 
for inlay work,(SD 2447 from 
Sind Vol.XIl 1926-27: 503): 

f) a faience wheel with 
spokes inlaid,(SD 1231 from 
Sind Vol.XIl 1926-27: 496); 

g) faience object,(SD 1535 
from Sind Vol.XIl 1926-27: 
496) ; 
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HDLGER WANZKE 

F DBS CHONG SPflOJ FKT MOHEN JCl-OARD 
RUTH AACHEN 


GEOOflrfSCHE konzepte in oer archadlogie ah beispiel von hohenjo-daro 

GEODETIC CONCEPTS IN AACHAEOl-UGr AS APPLIED TO HOHENJO-UARO 


SUWW?y 

Geodetic concepts for the recording of archaeological 
remains are determined by economic * technical and political 
conditions. 

Particularly in regard to accuracy, the surveyor has to 
remain flexible, hot everything that is technically and 
theoretically feasible, must be achieved. The difficulty 
alone of determining the exact limits of the architectural 
objects in the field makes a divergence in accuracy of i 
decimetre in the survey of flohen]o—Dare permissible, 

A topographical survey of the architectural fragments, based 
on a triangulation net of fixed points, could be carried out 
with reasonable exactness without special equipment. Of 
importance here from the archaeological point of view was 
the exact orientation of the coordinate axes according to 
the points of the compass* obtained by astronomical 
observation, 

A combination of calculation and plane-table t achymetry 
proved to be a very practical and fast method of surveying 
groundplans. By plotting the measurements immediately in the 
field, progress could be kept under constant control. 

The extant architectural remains are being reproduced photo¬ 
graphically by means of a large-scale photographic 
documentation encompassing some 15,000 pictures, using the 
normed brick as an indication of scale. This material, 
intended to serve as a basis for the interpretation of 
architectural structures, is currently being published on 
microfiche by the Inter Documentation Company B¥ the 
Netherlands UPC). 

In order to make wall projections a medium-sized Hamiya MGi5 
camera was so positioned Chat the film level was parallel to 
the wall under investigation. The resultant photo can be 
used directly as a photogram. 


Die Aufga be der Geodasie mnerhslb der archaologischen Dokumentation von 
Hohenjo-Daro la&t sich definieren als 

- Erfassung von architektonischen Strukturen in Form,. Lage und Grbfte; 

- groAraumige , geometnsch exakfce Zuordnung dieser Einzelstrukturen* 

Dazu bed lent man sich rweier Hethoden: 

- Messung am Objekt selber !Vermessungl : 

- nessi_mg an einem photographischen Abbild des Qbjektes (Photogrammetne 1 

In dem Vortrag von Frof, Hektor wurden verschiedene Verfahren der 
Architekturdokumentation vorgegeben, die die Auswahl und Anwendung der verfahren 
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begrenzen. 

EIHSCHRANKUHGEN UNO LBSUNGEN 

der Suche nach einem optimalen Arbeitskonzept ist RuCksicht zu nehmen auf 
wirtschaftliche, techmsche und polltische Sedingungen. 

Wirtschaftilth werden die Verfahren eingeschrankt durch die begrenzten 
Sachbeihilfen der OFC, So war es lm ersten Jahr nicht moglicn. eine pboto- 
grammetrisehe MeBkammer Oder einen elektromschen Distanzmesser zu. kaufen. 

Fur jedes Kilo Repack, daft per Luftfracht nach Pakistan transpcrtlert wird, sind 
DM 12 Zu zafilen. 

Die Auswahl der Vermessungsgerate hangt neben den Kosten von techmschen 
Gemuigkeitsanforderungen ab. Die Ergebmsse der Architekturdokumentation sollen 
als Plane in HaGstab 1:50 und 1:200 dargestelit warden. Das entspricht bei exner 
Zeichengenauigkeit vdn 0.2mm einer Genauigkeit von 1 bzw, 4cm in der Natur. 
Andererseits sind die architektonischen Strukturen vor Qrt nicht genauer als 
♦/'(5-10cflil definierbar, da durch Erosion und SalzfraB Hauerecken zerstort sind. 
Desnalo sind frohere Genauigkexten techmsch sinnlos. 

Weiterhin sollte das Vsrmessungsgerat auch von wemg geubten Kraften zu bedienen 
sein und universell zu gebrauchen sein, so daB es den vielfachen Anforderungen, 
die sich im Laufe der Jahre ergeben kdnnnen, gewachsen ist. 

Politische EinsChrankungen waren dadurch gegeben, daO in der ersten Arbeitsphase 
genaue Karten Oder Luftbilder nicht zur Verfugung sUnden Oder ein Bildflug 
hatte durchgefuhrt werden koonen.. Die uorgesehene Progektdauer von 5 Jahren 
konnte me garantiert werden, da einerseits die DFG-rtittel nur jahrlich 
bewilligt werden, andererseits es in Pakistan me sither ist. ob jedes Jahr eine 
neue Arbeitserlaubnis erteilt wird. Selbst bei einem plotzlichen Abbruch des 
Progektes sollte das bis dahin gesammelte Material fiir wi ssen scha f tliche 
Aussagen genugen, wenn auch nicht in differenzierter Form. 

Aufgrund dieser Einschrankungen beschafften wir eine Vermessungsausrustung, die 
aus folgenden Geraten bestand: 

" dem "F a ch yme t er t heodol i t en KERN DK~RV rnit optischer Streckenmessung auf ♦ 

2 -4 cm; 

- dem automatischen Baunivellxer KERN GKO-A; 

- einem Po la rkoordina tographen ; 

- einem Kleincomputer HP41C; 

- MaBbandern Flucht staben, einem Uinkelprisma ; 

sdwie einer Mit tel'forma t kamer a Mamiya M645 fur die photographische und 
photogrammetrische Ookumentation t 

Gas Ergebms der Ookumenta tion wird in Form einer Hausakte dargestelit. Sie 
enthalt den alten und neben GrundnSplan 1;50. omen Hohenplan und eine 
Isometne, trganzt werden kann diese Akte durch Fundregister 
Proportlonsanalysen etc, Erweitert wird diese Form der Hausbeschreibung durch 
die vollstandige photographische Erfassung der Architektur. 

Oas method l sene Vorgehen fur die Erstellung der Qokumentation laftt sich durch 
ein Ringmodell erlautern. ■* 
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Jeder Ring stellt eine abgeschlossene Arbeitsstufe dar, er ist voraussetzung fur 
den nachsten Ring. Jeder weitere Ring differenziert den vorhergehenden, schafft 
eine immer detalUiertexe Arehitekturdokumentation. 

79/60 * ..7 A07..U «n. : 

geodatischen Lage- und Hohenfestpunktfeides. Gefordert e±n ® . _ 

Vermarkung und ausreichende Genauigkeit. Dieses Trignetz ID so e i 

weiteren Jahren dazu dienen; 

- eine Gesamt kartierung des Ausgrabungsgelsndes im MaBstab l' 1 ;®®® ^ 

zu erstellen. in der die Architekturfragmente, StraBenachsen und 

Hausgrundrisse deutlich erksnnbJt sind, 

- die Einzelbereiche HR. VS. SO. OK neu zu vermessen; 

- die Ausnchtung von StraOenachsen in Bezug mf die Himmelsrichtungen zu 
bestimmen , auOerdem sind Paraileiititen und Xollineanta ten festzustellen; 

- die absoluten, auf Normal Null dezogenen Hdhen der MauerfuBpunkt* ynd -kronen 
zu messen, um Isometrieen zu zeichnen und Oaten fur stratigraphische 

Untersuchungen £tJ genifmen; 

- den Ausgrabungsbereich durch Luftbildphotcgrammetne aufzunehmen und dazu 
eine PaSpunktgrundlags tu schaffen, 

Schon ift den 20iger Jahren «urde von dem englischen Vermesser Francis ein IHD' 
Raster fur Mohenjo-Daro angelegt. Da er mcht dauerhaft vermarkt «urde gelang 
es bisher mcht ihn zu rekonstruieren. Daher sollte unser TP Metz fur 
archaologische Arbeiten. die in Zukunft durchgefuhrt «erden, muglichst noch 
erhalten sem. um die Enistenz verschiedener Koordinatensysteme zu vermexden 
Fur Festpunkte. die m den Ausgrabunsbereichen Uegen, besteht die Gefahr, daB 
sie bei neuen Ausgrabungen Oder Restaunerungen zerstort werden Aus diesem 
Grund Hagen eimge Tp auf den Schutzdamnien und an der Strafle zum Flughafen 
Antennenma st dient *1. Nochzxel. Fur den nichsten Art.it.ib.ch.Utt lit geplant 
markant e, mit hoher wahrscheinlichkeit unzeratorbare ArchitekturPunkte »U 
Siche run spunk te zu vermessen (Ecken des Groflen Bades und MuseumsI. 
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Aufgrund der improvisierten Vermessungsausrustung bestanden bei dor Planting das 
Trignatzes erhebliche Einschrankungen, Ala tr igonomet ruche Signal* muflten 
zuaammengesteckte Fluchtstabe eingesetzt warden, die mit Lotschnur abgespannt 
warden. Eine strange Netzausgleichung war aufgrund des r eohneritchen Aufwandei 
nicht miglich. 

Das Trignetz wurde aus ausgemessenen Dreiecken aufgebaut, die Widerspruche lagen 
bei 1.Smgon. Liber ein Vorwarts- und Ruckwartsschnittprogranvn konnten die 
Punkte berechnet warden. Der Netzmaflstab wurde dutch eine 600m lange, direkt 
gomes sene strecke bestimmt. Oa dies* auf der ebenen StraBe zum flughafon lag. 
war erne Mas sung mit aufliegendem Band und hoher Genauigkeit mdglieh. Die 
relative Genauigkeit des HetxmaBstabes durfte besser al$ | : iD - * sein. 

1nsgesamt umfaflt das Metz 26 tngcmometrische Punkte, Im Oktober *90r wurde 
dieses Neti einer strengen Ausgieichung nach der Methods der kleinsten Quadrate 
mit dem P r ogr a nwi system KATRIN unterworfen. Oabei ergab aich ein mittlere 
Richtungsf ehler von ♦/-(). 7mgon und eine Koordinateninderung gegenubtr der 
naherungsweise in Pakistan duchgefuhrten Berechnung von durchschnitlieh 20cm. 


eiNZELPUNKTAUFNAtm 

Bei der Feldarbeit zeigte sich, daB das in der architektonischen Bauaufnahme 
gebrauchUche eogenschlagverFahren zu ungenau ist. da die Punkte in der Natur 
schiecht defimert find und somit 
besteht. 


eine sehr ungunstige Fehlerfortpflanzung 


Andererseits ist die Zahlentachymetrie fur kleinteilige Urukturen zu aufwendig 
Wit entschlossen uns zg folgendem Vorgehen: 

In dem zu vermessender. Gereich werden Aufnahmepunkte UP) im Abstand von ca.ISm 
lokai vermarkt und durch einen Palygonzug koardinatenmafiig bestuwnt 
Oie Eckpunkte der Archxtektur werden mittels Theodolit und BandmaB polar 
vermessen und direkt im Feld nut einem Polarkartameter auf Polyesterfolte 
gezeichnet. Von diesen Punkten aus werden Details {Einginge. Fugen, Nischen) mit 
J eingemessen. Dieses Verfahren iet genau und sicher, da die Punkte 

unabhangig voneinander bestimmt warden, Fehler werden direkt im Feld erkannt An 
Personal werden zwei Fachkrafte und ein MeBgehilfe benotigt. 
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Fur die 8ereithe + fur die bereits alte englische Originalplane aus den zwanziger 
Jahren existieren. wurde folgendes Yerfahren angeweodet: 

die Plane wurden reprographisch auf den Maftstab 1:200 gebracht und im Feld auf 
geometrische ftichtigkeit uberpruft. Waren sie noch exakt, so wurde in diese 
Plane der aktuelle Zustand der Archxtektur eingezeichnet. Dieses Yerfahren wurde 
erfolgreich im HP- und vS-6ereich angewendet. 

Bei der fiberprufung der Plane im DK-B.-t Bereich zeigt sich ein starker Yerzug 
von ca.3m in der Natur, dieser Bereich wurde neu vermessen. 

PH0T0GRAPH1SCHE DQKUHENTATIQN 

Die nathste Oifferenzierung im Ringmodell ist die Darsteilung der dritten 
Dimension. Zum einem erfolgt dies durch nivellierte Hbhen der Mauerkronen und 
-fuBpunkte. In Verbindung mit dem GrundriB werden daraus Isometrieen gezeichnett 



Inm anderen gelmgt die vollstandige visuelle Darsteilung der dritten Dimension 
pur durch die Photographic/-grammet rie , Das NeftbiLd lieferr gegenuber dem 
"normaien" Photo den Vorteil. zusatzlich zur visuellen Erkennung iiaBinformation 
zu liefern. 

Dafl wir uns trotzdem fur das Photo enischieden haben 4 nat folgende Grunde: 

- Die photographische Ookumentation soil begleitend zu den Grundnssen und 
Isometrien die Ar chitek turf ragmente vollstandig erfassen h om den heutigen 
Zustand eindeutig fur alle Zeit fest^uhalten. 

- Der Ziegelsteift ist in seiner normierten Grofte ein immer wxederkehrender 
HaOstab in jedam Photo, mil seiner Hilfe konnen GebaudegroBen abgeschatzt 
werden. 

- Das Material soil durch erne Publication einem weiten aenutzerkreis 
zuganglich gemacht werden. 
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Erganzt wird dieses Photomaterial durch alte Originalaufnahmen aus den zwan2iger 
Jahren t die in Archived won Karachi und Delhi entdeckt wurden. 

Damit lassen sich Anderungen der Arehitektur belegen, Abweichungen des heutigen 
Zustandes won der Originalstruktur konnen sicher erkanrtt werden und die Mauern 
hinsichtlich ihres Rekonstruktionszustandes klassifiziert werden. 

Die Menge des Photomaterials (ca. 15.000 AufnahmenJ schlieOt eine Publikation in 
Buthform aus, die Kosten waren viel zu hath. Wir haben uns daher entachlossen 
das 0lldmateria 1 auf Mikrofichen ZU veroffentlichen, die inter Documentation 
Company [IOC) wird die ersten 2.000 Aufnahmen im Harz 82 herausgeben. Der 
Mlkrofichesammlung sind Plane im Maflstab 1:200 beigefugt, aus denen 
Aufnahmestandpunkte und ■ nchtungen zu erkennen sind. 


MANOABHICKLUNG 

Diese Photodokumentation wird erweitert durch MeBbilder 
Wandanwicklungen. Sorgt man bei der Aufnahme dafur, dafl film- 
parallel zueinander sind, dann stellt das Photo em ma Rstablich 
unuerzerrtes Abbild der Wand dar: 


in Form won 
und Wandebene 
verkleinertes, 



Darin lessen sich Strukturen. 
sind, abmessen. 

Die geforderte Parallelitat 
er reichen, eine mitphotogra 
Verzeichnungsfehler der fur 
wirksam, da der BildmaOstab 
liegt, 


5tratigraphische Analyser von Bedeutung 

Phierte n UFC ? eiflfache Absteckungsverfahren 

” r Wiveiiierlatte ergxbt den BUdmaOstab. 

bei H70H*20D WerW H n<leten MamiVa W6t5 **rdeo kau« 

0 und der Auswertemaflst ab bei ):50 
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fl 


MOHENJO 
^■DARO 


ifT $foy of 

Arci^Tecnje ona AfCTi’^c^d 


fTWTri Aocnen 


Photographic Documentation 


I DC 


79/80 MD HR-A 9/3 




ZlEi 

In der Arbeitspbase 62/83 1st geplant, das Ausgrabungsgebiet aus der Luft zu 
vermessen, Oabei sollen won einem ferngesteuerten Heitiluftfesselballon aus 
Aufnahmen aus verschiedentn Hohen gemacht werden, Zi&l ist es: 

- axne Luftbilddokumenta tion von hoher Genauigkeit des gesamten 
Aysgrabungsbereiches zu erstellen. den Zustand HOhengo-Baros itn Jahre 1382 
einwand frei festzuhaIten F der a Is Basis fur weitere Forschungen dient; 

- von einigen ausgegrabenen Bereichen, die aufgrund ihrer Architektur nur 
schlecht mit dem Theodolit zu vermessen sind SDK-G), Grundnflplane und 
t sometrien i m HaBstab 1:200 zu erstellen; 

- die Oberf1achenana 1y$e „ die in diesem Jahr am Boden durchf ijhrt wird fe durch 
detailreiche Luftaufnahmen zu unter&tutzen insbesonders Bodenverfarbungen 
sichtbar zu machen; 

- Architektuxstrukturen, die durch die Bodenerosion freigelegt worden sind und 
bisher nitht vermessen wurden r zu erfassen; 

- duxch Stereoschragaufnahmen emem Benutzer del Doktimentation einen 
biastischen und vollstandigen Eindruck des Ausgrabungsgebietes zu geben. 

Aus politischen und wirtschaftlichen Grunden stent in Pakistan kem BildfLugzeug 
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od«r ein Hubschrauber zur Verfugung. Oie emzige Hoglichkeit ist der Einsatz 
ernes HeiBiuftfesselballons. Er hat ein# Nutzlaat von 5-10kg und wird durch drei 
Soil# vom Boden au$ gesteuert. 

Als (Camera ward eine Rolleiflex $LX nut Roseau verwendet, Bildformat SBxSBmm 1 
Fur die verschiedenert Einsatzzwecke warden zwei Objektive eingesetzt: 

- 4/SOmm DI ST AGON Bildwinkel 7G° 

- 5.5/120mm S-PLANAR Bildwinkel 36° 

Die inner# Onentierung der Ob^ektive ist durch erne K*iibrierung bestimmt. 


Brenner 
aufgehangt, 
ruht in eine/n 


Unter dem Ballon hiftgt eine Gondel, in der sich die Fernsteuerung d#r 
ynd die Gasflascbe befinden. In der Gondel 1 st die (Camera kardamsch 
damit die optische Achse rum Nadirpunkt zeigt. Oer 

Drehkranz, der es ermbglicht. das gesamte System' um die vertikale Achse nut 
einem Elektromotor zu drehen. Damn konnen. unabhangig von 
Ballons„ parallele Aufnahnwn in einem Luftbildstreifen 

LOt " 1,Ubt < ’ le 6 ' S, “ 9 "" B.i.onfuepunkts. und der 


der Drehung des 
gemacht warden, Ein an 


Fur die photogrammetnsche Luftaufnahme wird der gesamt# Ausgrabungsbereich mit 

in“ n u K° n 1 Lan 9 su,3 ® rd « kun 9 beflogen. Der groflte Teil der Aufnahmen wird 
? U V mit 01STAGON SOmm uhd einem BildmaBstab von 20D gemacht 

Oort, wor ein groflerer BildmaBstab bendUgt wird Oder wo hghe’ Kauern 'die 
Verwendung ernes Weitwinkelob jektives unmogUch mac her. (sichttote Riumej treJen 
an die Stelle von zwei Flugstreifen des 50mm ObiekUve! st»ife^ des 

S-PLANAR 120mm mit einem BildmaBstab von 1 -B 33 Uftd iDOm F1(mh - K / lf d 

■“» .in... F .u 9 n” 3 lf ^„:^ UBh d . 0, "5 

verwendet werden. ohne daB Lucken entstehen. * QOjoktive 

untfirsthicdlichen ^ 1 B in u. l.^ a 

-cn ... de. ,..,n. 9 e„ OP 3 ..UV .XC; 1 vorknmnwn. ..,«n 

A - Offenes, leicht hugeliges Oder ebenes Terrain, kaum Architektur Oder Bewuchs 

8 - Ausgegrabene Bereiche nut geringen Mauerhdhen 50mm 

C - Au sgegr abene Bereiche mit hohen Mauern 
D - Stark bewachsenes Gelande 

E - Gebiete mit Oberflaehenfunden , lh * • 

F - Schragaufnahme CJbersicht 50mm snnst 

Fur die HeBbilder wird der S/u-Film 
Schragaufnahmen der EKTACHROHE 6*. 

Vor der Aufnahme werden am Boden gedruckte PaBounkte ai>tno , * 

bebauten Gebieten kdnnen auch gut defimerte Gebaudeeck^^ 9 v * messen - Ifl 

3 ede Aufnahme wird erne (Carteikart^^ llltZ T u ?' -^den. Fur 
Aufnahmeinformatlon eingetragen werden. 9 " f d ' T * lle Ps^punkt- und 

Nach der EntwiclQung der Bilder wird 
Abzug aufgeklebt. 


50mm 
T ZQpmtn 
1 20mm 
1 2 Omm 
50mm 


Agfapan 100 genommen. fur Ubersichts- 


und 


auf der (Carteikarte ein I2i<f2cm l groBer 


AUSHER7UNG 

Oie geodatische Auswertung d# r Luftaufnahmen k 
erfolgen: 

1. Es werden Ab2uge im Format ZOx^Bcm 1 
pretation unter dem Stereoskop. Punktweise 
Mobiusnetz ubertragen werden. 

2. Von einigermaBen ebenem Gelande konnen mit 


ann auf vier verschiedenen Wegen 

angefertigl, Sie dienen zur Inter- 
kdnnen auch Strukturen durch ein 

0 ®m Entzerrungsgerat SEGS mafl- 
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stabliche Fotoplane hergestellt werden. Daju sind vier Pafipunkte 
erforderlich. die in etwa gleicher Hohe liagen sollen. Gesonders Aufnahmen, 
die mit dem Teleobjektiv gemacht wurden, lassen sich auf diese Weise 
auswerten. 

3, Die Aufnahmen werden allgemein m einem mechainiscHen Oder optischen Stereo- 
au swer tegerat wie A6, CB, Planimat aosgewertet, da dieses am [nstitut ftir 
Photogrammetne in Aachen vorhanden ist. Die Otnekti vverzeichnung kann hicht 
berucksichtigt werden. Dadurch sind Einflusse der systematischen Fehler in 
Hohe eon 5cm in der Lage und 15cm in der Hone zu erwarterv. 
i. Mird von einigen ausgegrabenen Bereichen eine punktweise Auswertung hoher 
Genauigfceit gewunscht. so konnen diese Puokte am Stereokomparator PSK 
ausgemes sen werden. MitteJLs geeigneter Programme lassen sich aus den 
Bildkoordmaten Gelandekoordinaten errechnen. 

5. Fur analogs Auswertungen hoher Genauigkeit konnen rnit dem analytischen 
Stereoauswertegerat PLAN1COMP Cl DO Karten gezeichnet werden. 

mUMEHTATim 

Die vollstandige Erfassurtg Mohergo-Daros durch Stereoluftbilder ist wichtiger 
Bestandteil des Forschungsprojektes zur Ookumentation der Architektur, 

Diese Ergebmsse sollen nach AbschluB der Arbeiten der mternationalen Fachwelt 
zur Verfugung stehen, von den Luftbildern konnen Kopien hergestellt werden. die 
mil den Informationen uber Reseauabstande, Verzeichnung, Kammerkonstante etc. in 
aller Welt ausgewertet warden konnen* Damit ware der Nachteil herkommlicher 
topographischer xarten, die immer erne sutgektive Betrachtung des Gelandes 
wieoergeben, aufgenoben. Fur 3 «de neue Fr»9esteilu n 9 das Hatenal unter 

diesen Gesichtspunkten ausgewertet werden. 

2usammenfassung geschfieben und ubersetzt von Or.M.Hulloy 
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KLAUS FISCHEH/VOLKEH IHEHALT 

SEMINAR FUR ORIENTALISCHE KUNSTGESCHJCHTE 

BONN 


ARCHAEOLOGICAL FIELDWORK IH AFGHAN SISTAN AMD CURRENT RESEARCH ON EASTERN 
IRANIAN ARCHITECTURE 

AfiCHAOLOtSISCHE FELDAUBE IT IN AFGHANISCHEN SISTAN UNO LAUFENOE UNT Efl 5UCHUNGEN OSTIRANISCHER 
AHCMTEKTUfl 


ZUSANNENFASSUNG 

von 19S9-197A fuhrte das Seminar fur Orientalische 
Kunstgeschichte der Universitat Bonn in 
Zusammenarbeit mit naturwissenschaftlichen 
Instituted eine archaologische Landesaufnahme in 
Afghanisch-Sistan burch. Dabei wurden im Gebiet 
der UanderdQnen die alien Sewasserungsanlagen al$ 

Grundlage einer Besiedlung von der 
vorgeschiehtlichen bis zur ulamischen Zeit 
kartiert. Denkmaler orientalischer Baukunst sind 
vor allem vom 10.-li.Jh. erhalten. 

The Iranian and Afghan parts of Sistan [Fig.ll have been explored from about 
1900 onwards hy British geographers. French archaeologists, American 
prehistorians and Italian orientalists. These scholars discovered prehistoric 
cities, Achaememan areas of settlement, Scythian implements, Sasaflian coins and 
the ruins of numerous Islamic towns, The present Afghan province of Nimruz with 
its capital of Zannj corresponds to the eastern part of the historical cultural 
province of Sistan, In this land of semi-desert and moving sand dunes the people 
were dependent on artificial irrigation: especially the Hilmend and, to a lesser 
degree, the Khashrud rivers fed an extensive canal system. Greek, Roman. Arabic 
and Persian writers mention numerous fortresses, villages and towns near these 
water courses. Rivers, canals, towns and villages in Sistan were also known to 
cartographers of the Middle Ages and modern times. In prehistoric and historical 
times the Hilmend river shifted its delta from south to north. Scientists, 
orientalists and archaeologists have studied the history of settlement in Afghan 
Sistan and Iranian Sistan. From 196B-197S the Research Department of Oriental 
Art History, Bonn University, carried out field surveys in the northern parts of 
Afghan Sistan in cooperation with the Director General of Archaeology and 
Conservation of Historical Monuments, Kabul, and various foreign and German 
colleagues. especially from the Department of Palaeontology, Geological 
Institute, University of Cologne, 

Ruins marked on the new sheets prepared by the Cartographic Institute, Kabul, as 
’Dewale Khpdaydad' were chosen for detailed research. A botamst located the 
ancient irrigation system and the ecological conditions of the medieval 
settlement, A hydrologist traced the historical irrigation network. A surveyor 
drew the plan of the rural estate: its farm houses are orientated towards the 
north-west (Fig.21, i.e. the direction of the prevailing 'wind of the 1 ZD days' 
(about June-September}. After studying the ground plan, elevation and sections 
of an Islamic ivan-courtyard house, an architect reconstructed its original form 
(Fig .31 a photogrammetrist measured out various groups of mud-brick ruins 
(Fig. a), It may be mentioned that the Institute of Photogramme try at the RWTH 
Aachen assisted us in every respect. The Ministry of Mines. Kabul, supplied air 
Photographs taken for the current geological mapping of the country; they proved 
to be of additional value for archaeologically based topographical research 
(P1.1), 
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Archaeological find maps showing recently discovered ruins were drawn up by 
members of the Institute of Cartography and Topography, Bonn university, with 
the help of aerial photography (PI.2). It appears, for example, that Poste Gaw 
would deserve full-scale excavation and might reveal pre-Islamic settlements. 


The pnotograrnmetrists cooperated with the surveyors (Fig.2, PI.3) as well as 
with the architects I Fig.3. Pis.4-6). The majority of ruins were reached by 
landrover (Pis,5, 61; structures blocked by moving sand dunes were conveniently 
approached on horseback (PI.81. Through the combined efforts of technicians and 
historians we came to the conclusion that the surviving oriental building types 
in medieval Islamic palace-like dwellings date from the 10th to the Hth 
centuries. This dating could be supported by surface finds of coins and pottery. 


Remains of rural settlements are located in the surroundings of irrigation 
systems. At Oewal-i Khodaydad lFig.2) one particular kind of mud-brick structure 
appears to be typical; a rectangular enclosure measuring 10x30m approx., usually 
orientated towards north-west, containing in the centre of the north-western 
part a barrel-vaulted ivan flanked by double-storeyed towers, whilst on the 
other aides single-storeyed square rooms crowned by squinch domes surround an 
open Vivan-courtyard* (Fig.3|. This type of the so-called ivan -Hofhaus (after 
Diez and Oelmann) derives from Parthian prototypes at Assur and Hatra and is 
similarly known from Ghorid Afghanistan, where there is an undefended Islamic 
residence at Bamiyan. About 20 houses of this type form the settlement of 
Oewal-i Khodaydad which is situated amongst canals and irrigated fields. Domed 
buildings served as cisterns (Fig.il and guaranteed the continuity of rural 
life. Ancient oriental decorative motifs incorporated in a system of pilasters 
and niches - known, for example, from Sasanian Ctesiphon to Abbasid Ukhaidir - 
were re-used in the palatial buildings of the powerful landlords in country 
estates, and can still be seen today in Cegini (Fig.3, Pl.il. 


In these and other ruins we discovered coins minted under Islamic dynasties of 
the 12 th to 15 th centuries AD (e.g, Nimruz' on a coin issued under Iss al-Haqo 
wa I-din. 1352-1362), inscriptions of the 13 th and Hth centuries AO and pottery 
from the 10th to 10 th centuries. According to Islamic historians and geographers 
such as al-Naqdisi (306), there were few cities in contemporary Sistan but 
numerous rural estates Crustaq*); they are enumerated in medieval source books. 
We believe that we have discovered some of them in various ruins; groups of 
about 20 houses with an open central court and a large, barrel-vaulted ivan on 
the north-western side; these settlements were situated near fields irrigated by 
canals branching off via brick constructions. In the past, Sistan was known as a 
fertile land and consequently its fields and villages were a constant temptation 
to invaders from the middle of the 1st millennium 8t till after the middle of 
the 2nd millennium A0, After each devastation the irrigation systems and 
settlements were rebuilt. Historians tell us that from 253 H/667 AO till aout 
900 H/K9S A0 the native dynasty of the Saffarids either ruled independently or 
supplied governors and vassals under the rule of the Ghaznavids, Ghorids, 
Saliuqs, 11 Khans and Umurids, and that after 1506 A0 local families again took 
over the rule of Sistan or, behalf of the Saf.vids, also in new administrative 
centres. But after the destruction of dams during the Hth and 15th centuries 
settlement in Sistan wa, confined to area, near water courses where even a 
reduced population could maintain a limited irrigation system. It is only after 
the 17th-18th centuries that human devastation seems to have finally made 
systematic recultivation impossible, for the population was no longer able to 
keep moving sand dunes off the fields, to rebuild dams and canals or to sink new 
wells, a comparison of the building forms of the mud-brick ruin,, still visible 
today, with information gathered from inscriptions, coins and pottery leads to 
the preliminary conclusion that the mo 3 ority of watch towers, fortresses, rural 
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estates (*ru$taq"l. "open' lunwalledl towns situated in the plain and fortified 
cities ok is ted from the beginning of the 12th to the end of the T5th century. 

Each member of the team published his observations in the relevant scientific 
journals and also contributed to the comprehensive joint final publication. In 
all fields of research we collected so much new material on the spot that we 
were able to continue publishing even after 1913 when, due to political upheaval 
and military operations, the Sistan region like all other Afghan provinces was 
closed to further field work. Meanwhile, we can only hope that peaceful 
international relations will be restored, thus allowing us to finish the 
thermoluminescence dating begun for us in the Iranian-Afghan borderland by the 
(research Laboratory for Archaeology and the History of Art. Oxford University, 


■preliminary 
die Aufnahme von Dewal-i 


In view of this situation, we have called our first publication 
final report": 

Nimrut. Gelandebegehungen in Sistan 1955-1971 und 
Khodaydad 1970. Hrsg. v. Klaus Fischer in Zusammenarbeit mit 0. Morgenstern u. 
V. Thewalt. Band 1-2. Bonn: Rudolf Habelt Verlag, Am Buchenhang 1. 1971-7S. 

I Verbf fentlichungen des Seminars fur Onentalische Kunstgesch ichte der 
Universitat Bonn A, I - 2.) 1. Text. 1970. DM 120,-. 2. Tafeln. Karten. Plane. 
13H, OH 86,-, 


There follows a select bibliography of publications by 
fieldwork, partly already incorporated in 'Nimruz 1 2 

for inclusion in further volumes of the Nimruz series: 


participants in the 
partly in preparation 


1. 


2 . 


3> 


4. 


in Afghiniich-Siltsn, difgfitfUt umd beachripbtn 
N.P.Ga 1973. 

f undOTtkartrn durch 


0ehrena, H./Klinkott. H.I 0»* Ivan-Hof haua 

an auigevahlten e>»l«rwn. ArcMiHogi.ch* Milte, Iungen >ue Iran 
Eater, H./Hiinerfeld, L-. Dipl.-lng-i Herleitung archie logiaeher 

Luftbl1dinterpretation 1* B.rch.nengortel und «» loO-Lehnigebiet von Afghant.ch-Sistan. Oipl. 

Arbeit. BonFi 1973. . * 

FlacHer, K.i Project, of archaeology*1 -ap. from Afghan-Si.tan. Z.ntrala.Lt.ech. Stud... A, 

Id./fWl.hagtn, L./Tonnet.en, K.: PhotogranW.tn.the Aufn.Nse .ch«er i us inglicher Ru.nrn 1" 
Orient. in: ArehiUktur Phetogra-Mtrae II.International** Sy-r»lt» fur Photographic in 
der Architektur ynd Denkmalpflege. Bonn 1976. Unde.kon.ervater Kheinlend. ArbeiUheft M. 

Id,: De.ehiehtlithe und natvr W i».en.ch*ftl,che Fr.ge.telIungen be, der ^rrh.olog,-th-n Landea- 
aufnahme in Sl.tan. lelt.ehrllt der Deut.ehen Morgen)andieLhen 6 e.ell.eh.ft, Suppl.III 2. 
19.0eut.eher Oriental i.tent.g. Freiburg 197S. Wie.bader. 1977. 

Id.: Fro» the Rite of Itltm to the Mongol Invasion; From the Mongol, to the *'*»!•’ "* Th# 

Archaeology of Afghenletan fro™ Earlie.t Tim* to the Ti-ur.d Period, Ed. by F,9.Allchin and 

N. Hamond, London 1979. 

Id.i Archanlogisth. Forachungen in Afghanistan 1974 -1970. 

mat an. Hrag. V .C .fla th jen*. Opladen 1901, 

Id,: ArchSologieche Arbeit.n ub.r Afghanistan 1979 - 198' und 

t c u, .. Alexander d*m GroHcn bia *ur Gegenwirt. Heferll, Tagung det 

Tqpogriphit timgtr QF 

Arbcitagei.em.chaft Afghani.tan, Bi.lefeld 1982. 

Id,: Archaol 091 ache Feldarbeit in afgha-u.chen SAtteln. Frepit .» 9#UlM. 

Foretner. H.; -ahrend de. K.lifat. de. Abba.iden al-Mo.ta m I248/862 - 252/BEfil n.ch 

dfrfti T»rih-i SiBtan r tier I»l** *G H 1971 - . ^ TJ ... 

Hu„.{,L, L.th.,: . .. *"-»*«; *:, in "Si 

d., 9 ..,.ll, .. s.i.pi.l 20 .n,di«h„ »IW «"• !"*• 

Suppl. Witvbldtn 1990. ^ *, k . 

12. Kenpfi E.K.: 0 M.rtargeolog,.ehe For.chungen ,P Sei.t.n. In: Neue Fer.chung.n in Afgham.ten. 

Kmg. v,C. R»thn*. Opladtn 1991- 

13a K1 Lnkott■ ft. : Hurd^nbiU-tr in Afshmiitll. Afchittctura &, ■ ' 

14. Id.: Llaeieeh* Baokun.t in Ifgh.ni.ch-Si.tan. Hit cine™ ge.chichtlirh.n Ub.rbHC oon 


7, 


Ini HtuF ForBfhungpn in Afgha- 


Stud lift iur hlitonachin 


9. 

10 

11 
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Alexander den Groflen bis zur 2eit der Safswidefl-Dynastie- Dietrich Reiner Verlag. DAI-Ab- 
teilung Teheran = ArchaolOgiSche Hitteilungen lu* Iren, Erginzungiband 9. Berlin 1062. 

15* flautlshagen, L./Nqrgens tern, O.i Oeodatiache Arbeitsn bei archieJcgiachen Untersuchungen der 
flu men (elder in Afghanisch~Sistan. Vermeasungaveaen und flaumcrdnung, V* rmes■ung•techni gehe 
flundKhlu 35. 1973. 

16. Radermacher. M. : Historical irrigation aystema in Afghan Statin - their origin, their decline 
end poesibi 1 itte* of their reconstruction. [CIO (Intern. Comm, on Irrigation and Drainage!. 
July 1974. 

1?. Id.: Hiateriache Bevaaaerung,system* in Afghinisch-Siatan: Grund* far ihren VerfalL und 
flegl tchkeiten ihrer Heaktl Vie rung. Kul turtechnik und F1 urbtrei nigung 16, 197S, 

10, fteuther, H.: Die Lehm*cegeiwolbungen yen GoL-i Safed. Veraueh einer Typologis. Archaologiache 

Mitteilungen aua Iran, R.F.6, 1973, 

13. Toai. M,: Excavation, at Sbshr-t Sokhta. > chalrelithic eettlement in the Iranian Steten. 
Prelim. Report en the lot Campaign 1967. Eaet and West, N.S. 10.1/2. 1966, 

20. Id.s The Lapis Lazuli trade acroae the Iranian plateau m the 3rd millennium BC. In: 
GyrurtjiMnJftrlka 1- 19?4. 

In recent years further research on Sistan and adjacent areas has been published 
by colleagues cooperating with us: 

21. Amiet, P./Fqsi, M.l Phase 10 at Shahr -1 Sokhta: Excavations in Square XDV and the Late 4th 
Millennium BC. Assemblage of Sistan. East and West 20, 1970. 

22. flulgareil 1 , G.H.: lurguoiae working in the Helmand civilization - some observation,, [n: South 
Asian Archaeology 1979, *d. H.Hartel, Berlin 1901. 

23. Caloi. L./Compagnoni, 0.: Prellmmary remark, on the bovine remain, at the archaeological site 
of Shahr -1 Sokhta (Iranian Si,tan. 3200-1800 BC). Ini South Asian Archaeology 1379 *d H 
HjjrtfrI p Sfrlm 1381, 

Z *" Crane, H.: HtWand-Si*tjn Preset, an anonyitou* tomb in Burnt* Eiit and Hut 23. t979 r 

?*' E1fsnb*in, 3.: Report on a linguistic mistieh to Helmed and Uimruz. Studies 2, 1973 

fin.t*r : B_: Sft.n zur Z*i L tW*rehiolo 9 i*th v Hit *»«*«, .ui Ir-m 


27m 

78. 

23, 

3Da 

31. 


N.F.9, 197G 

Gnoli, G.: Hore on the Sistanic hypothesis. East and West 27, 1977 
Helms. S.u.: Old Kandahar Excavations t976. Afghan Studies 2, 1979, 

Id.: Excavations at "Th, citz and the famous for ire*, of Kandahar, 
of Aaia“, British Museum Occasional Paper, 19BT, 

Jansen. M.: Preliminary report on two years' research work at 
International Conference on Pakistan Archaeology. Peshawar 1902. 

HulTd' L n ProU *"“ *"? for th, p.laeo-econcmic Study Of the 

Hilmend valley in prof-histori. times. In: South A,.,n Archaeology ,979. ed. K.Hirtel, Berlin 


thfr foremn^t pl#c# in fell 
Hahenjo^r*. In: Eir*t 


32- Ni*«*fi* H.J. ; Linking distant areas archaeoJogica] ] y u, i hl * . _ 

Pakistan Archaeology. Peshawar 1982. Intentional Conference on 

33. Vidale Cultural Connect:on* hetwro., the Hilmand Civilization and the [ndu. Plain,. In: 

First International Conference on Pakistan Archaeology, Peshawar 1932 

34. Vogelsang, W. t Kandahar and Arachofrla ir. the esrly Achirr.Fr..rt a tl 

y •ciurnemd period. Thesis, Leiden 1901. 

Translation by Dr. M. Mutiny 
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Fig.4 Photogrammetrie interpretation of building a on the plan of Dewal-i 
Khodaydad (see Fig,2J: transition from square ground plan to coupola by squin- 
chos. drawn by the Institute of Photogranmetry„ Bonn University 



Pl,i The ruins of the fortress of Tar-o Sar (also known as Shahr-i dholghola 
and Taq), partly covered by moving sand dunes. Location on map Fig.l. Enlarge'' 
ment after air-photograph, Ministry of Mines, Kabul. 
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n.2 Fortified settlement of Post* G »*- 
air-photograph end geographical map y 
graphy, Bonn University* 


Location on map Fig.i* Combination of 
Institute of Cartography and Topo- 
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PI*3 Hulti-towarod construction it Dowal-i Khadsydad. Location on plan Fig.2: 
Nr.10. Photo Fiachor. 


PI.4 Abandoned, doublo-toworod 1 van-courtyard home in th* ruin field of Co- 
gini. Location on map Fig.i; systematic interpretation in Fig.3. Photo Fiichor, 
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PI,5 Ruins of mud-brick 
l van-courtyard house near 
Dewal-i Khodaydad. Photo 
Fischer. 



P3uG Ruins of a wind-mi 11 
near Gol-i Safed. Photo 
Thewalt, 



U Gol-i Safed. Interior of mud-brick 
Reuther 1973 : PI.59.2 = building Mr.UK trans 
ormation of square ground plan by squishes and 
end@nti.ves into circles as basis o 
Reuther 1973 ; p.260-261). Photo The*alt. 



Pi.fl Gol-i Safed. Locating 
I wan-courtyard houses on 
the archaeological map. 
photo Thewalt. 
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PI. 3 Hulti-towarod conduction it p*wal~i Khodiydad. Location on plan fig.2: 
Nr, 10. Photo Fiachar. 



Pi. 4 Abandoned, double-towered Ivan-courtyard heu«* in tha ruin fiold of £•- 
gim. Location on map Fig.t; ayit*i»atic interpretation in Fig. 3. Photo Pitcher, 
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PI.5 Ruins of mud-brick 
Ivan-courtyard house near 
Dewal-i Khodaydad. Photo 
Fischer. 




Pl.E Ruins of a wind-mill 
near Gol-i Safed. Photo 
Thewait. 



PI. 1 Gol-i Safed. Interior of mud-brick 
Ifteuther 1973 : PI. 53, t = building Nr. 131 , tra 
formation of square ground plan by squi nc es 
pendentives into circles as oasis 
(Reuther 1973 ; p. 260-2611. Photo Thewalt- 


of dome 



PI,6 Goi-i Safed. locating 
I van-courtyard houses on 
the archaeological map. 
Photo Thewalt. 
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lanqolf mauelshagem 
IHSTHUT FUR PHOTOORAWETAIE 
IJH] VIRS1TAT BONN 


APCHI TEKTUR-PHOTOGRANNETR1SCHE AUFNAHHEN UNO AUSHERTUN6EN VON SPAT ANTIKEN 

W^PH^aGRAMrtETRIC SURVEY AND PLOTTING OF EARLY BYZANTINE ARCHITECTURAL REMAINS IN RESAFA/SYRIA 


SUMMARY 

Architectural historian* and archaeologists are 
making increasing us* of terrestrial photo- 
grammetry, particularly in the study of more or 
less inaccessible monuments. Taking Resafa as an 
example, the article shows how photogrammetry can 
be of assistance in the documentation of 
historical monuments in their present state and in 
architectural research generally, a short synopsis 
of earlier expeditions and the field campaigns of 
1976-78 and 19S0 is followed by an account of 
Resafa's turbulent history and geographical situ¬ 
ation Which Illustrate the former importance of 
the settlement. Various photogrammetnc techniques 
ware applied in the survey and plotting of 

Basilica A. the bishop's palace and the Alemundir 
building, the aim being to achieve maximum 
flexibility in adapting to physical circumstances, 
The resulting elevation and plammetnc pLans 
drafted to the scale of 1:50 and 1 ■ 
respectively represent the material basis 
further research on historically interesting 
features of the remains. The overall findings o 
this joint interdisciplinary project will be 

available shortly m the series published by the 
German Archaeological Institute IDMI Berlin, 


Die archielogischon Forschungen in der fruhbyzentioischen Rui^nstad^Be.^- 

wurden als interdisriplinaire^u«mmen>rbei^o^^^^h #n Arcftiolo9isch en Instituts 

fSiM ,ULb r\ V ° n 1976 wieder aufgenommen. Das Unternehmen wird von der 

(DAI) in Berlin im Jahre ”T6 d ; f6r<Jirt . Nach fruhen Forschungsex- 

Deutschen Forschungsgemeinschaft ^ 9^ 20 Jahrhundm s dU rch F.Sarre und 

oeditionen in den ersten J . k Musil (132 6) hatte der Freiburger 

,,, 07 ^ H.Sp.nn.r M91 J „„„„ ..men tolle 9 .n 

WcniolM. P ”; s “ r A ^“ p “, „„ inttnaiveh 6ron,.l. 9 .rforacn,m 9 .n in 

A.11. Schneider ISottin* . C " Msonne „. Ourch Kolluita' Tod 1 . Jahre 

Resafa wahrend der 5Q- und 60 un t firbrOC h*n (siohe Karoapp 1576 und 

1568 wurden diese Grabungsstudien 1 

Ulbert 1976). 


Die Dokumentationen der Grabungen enter der die relativ gut 

'»«• ««'• 19611 ' , * ,€hr !?“ U :“..m*; liJ «h •«. Jentralbau, die 

erhaltenen Hauptbauten die sog. _ Jj " u nach Qrund- und teilweise 
freigeiegt und von Architekten und 8auhl ’ t ““ K "" massische 
AufriB handisch aufgemessen wurden (herkomm i _ stadtmauer 

Kauelaha 9 en « .1. ^ «.hr 9 in,,.n an Ihr.r deaa.th.it 

z:zzZoT:^x: "i%— 


Hethode. 
mit ihren 


(s. 

vier 
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Wahrend der ArbBitskampagnen in den Jahren 1976-1978 und 1980 wurden die 
folgenden Ziele verfolgt; Innerhalb ynd ayfterhalb des Stadtbereichs wurde #ine 
archiologisch-topographische Dokumentation im Hafts tab 1 : 1,000 durchgefuhrt 
IH,Tremei. Deutsche* Ceodatisehes Forschungsinstitut Munchen). Die sog. Sasilika 
A (oder aucb Sergios-ftasilika1 mit ftischofskapelie und der Alamundirbau 
(Abb.1-5) lieften sich mit Hilfe der terreatrischen Photograiwnetrie 
ITAF-Ausrustung. Wild P32. Zeiss SMK12Q, Hasselblad 500C/M) in ihrem derzeitigen 
Bauzustand nach Aofnfl und teilweise Grundrift erfasstn tA.Grun, L.Mauelshagen 
1978), Oie StereomeBbilder wurden am Lahrstuhl fur Photogrammetrie der 
Techmsehen University Munchen und am [nstitut fur Photogrammetne der 
University ftonn graphisch ynd teilweise mittels der Orthophoto-Technik 
ausgewertdt. Cine vermes sung*technisch sowie photogrammetrisch unterstutzte 
Uberwaehung der Grabung half auBerdem die Befunde sichern. 


GEOGRAPH1E UND GESCHICHTE 

Oie Ruinenstadt Resafa (ca. VDOmxSQOm) liegt ca.35km vom Euphrat entfemt am 
nordLichen Rand der synschen. hier Flacft gewellten Wustensteppe mit semi-andem 

«SIir t W °!l n60en * ut0strafl * Aleppo-Reqqa kommend, heute uber erne 

!I! I ^ Hammam [ca - ,50,fm von Aleppo) nach Sudan abzweigt 

bequem zu erreichen (Abb.G). Ihre wechselvoll* Geschichte ist wesentlich durch 
lhre geographische lage bestimmt worden. esantuch durch 


In diesem Landstrich llefen bereits im Altertum wichtige Handelsstraflen 1US 

tizTiriiri- m 

J.hfhcnCrt ,t.«.nden .ssynschcc ucd'ib 

Komge 19,12) ist Resafa benannt (Karnapp igtfi u . uibert 1976). 

Die Karawanenstrafte von Assur uber Zenobia n ^. 

«•** vc, ■.n.t.iu.i.rtr:v"',. 0 rr i iu ” 

A. Poidebard (Poidebard 193 6} anhand von t ..fth, ih 6 2B ‘ dBr Franzos * 

darlegt Ubb.T). al* eine Hauptverkehrsrouteharass 'Vrln 'IIlIT" "JI 
romischer und spatantiker Zeit nicht nachlaftt e B , a/3 d * 8ed ®utung m 

Kontrollplatze fur Handel und Verkehr. * Blner dBr ^tchttgsten 

Als sog, strada Oiocletiana wird diese Strafte an der u«nn. „ , 

dert n.Chr. ausgebaut und durch Kastelle tefAti ! * ^ 4 Jahrhun ' 

Arabicus ca, roiach. I«p.riu* „„„ Partnec u „ 0 ‘ ,CMrt >• * ls 

Als im Jahre 250 n.Ch. e in Soldat der * a4 t.nh. s » an ta®n. 

der letzten Christenverfolgung unter Oiocletian^n^H 2 ' 1 ^ nameriS Ser 9ios Ahrend 
den Toren des Kastells beigejetzt wird 5 rhi, ** artyrium und vor 

Jahrhynderte eine zunehmende Verehrung des So Id a f “ r dl ® fol 9 ertd<!rt 

Pilgerbetwegung an. Die heute noth aufrajenden tl'ntn T T ^ St " ke 

dert ’Sergiopolis* genannten Stadt, d!e unter der h! "V iS in * 0 ' Jahrhu "- 
(527-565) zum Schutz gegen die Sarazenen und p*, 1 Herr «haft Kaiser Justinians 
stammen aus dam 5. und €.Jahrhundert Suit d er rser eAnen * u ® Stadtmauer erhilt. 
ist die Stadt Biechofisitz Karn ' pp Tsil) Halfte deS 5.Jahrhunderts 


der Grunrfungginschrift. die im 

morplatte in situ neu entdeckt wurde ist Ap31s [ uBboden einer Mar- 
Bischof Abraamios im lahre 559 dem heiliann j t - a , B S °®' Basillk » * vom damaligen 
Oedikation war fur diese Zeit recht ^lr. geweiht warden. Eine derartiga 

bauliche Grundnegestaltung der Kirche (Olbert 1979 J at Jg 7 n inB,> Ei,,flu0 tuf di * 


Nach der Eroberung durch dan Islam im Jah 

Nebeneinander von Christentum und Islam * & 9ibt eS flin f ri®dliches 
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Ourch ein Erdbeben im ausgehendeo a. Jahrhundert warden gro9e Teil© der Stadt und 
ibrer Kultbauten zerstbrt. Der christliefte Sergioskult l*bt fort bis in* 
n.jahrbundert, in dem sich weitere Erdbeben ereignen. Das damalige 8emohen urn 
diB bauliche Erhaltung und Restaurierung der Basilika kann am heutigen 
Baubestand abgelesen warden (Abb. 8, Sh 

Hit dam Jahre t093 laBt sich der letzte Bischof nachweisen und mit dem 
Mongaleneinfa11 im Jahre 1247 verliert Resafa seine Sedeutung und ward aus 
Furcht in den folgenden Jahren verlassen (Karnapp !976 u. ulbert 1S7fi I - 

Resafa wurde aus reinem Gipsgestein erhaut. das aus den antiken Stainbrucften der 
Umgebung gewonneo wurde, Seit dem Ende des n. Jahrhunderts sind die fteste dieser 
bedeutenden Stadt den Witterungseinflussen des rauhen Uustensteppenklim*s 
preisgsgeben und stellen heute die synsche Ant ikenverwaltung wor schwierige 
Restaurierungs- und Konservierungsprobleme. 


mTQGRAtMETRlSCHE ARBEITEN DER KAHPAGHEH .. . ih Jljr 

Die photogrammetrischen Arbeiten stellen einen wesentlichen Mosaikstein lur 
Erforschung und Analyse der hier gegebenen bauhistonschen Hintergrunde dar. Sie 
liefern in den Hofibildern und in Form von Planer im Maflstab 1:50 won der noth 
vorhandenen Bausubstanz ein bedeutendes Zeitdokument. dessen Arthivierung von 
his torischem Inter**.* ist. Hier konnten die Basilik* A nebst Bischof.palest und 
der AJtamundirbau Ubb.t-S, B), eine Audienzhalle des Ghassanidenfursten Ala 
mundir. die nordlich vor der Stadt gelegen ist und deren kleme Kreiskuppeln und 
Lingstonnen noch teilweise erhalien »i« d . erfaflt werden. 

Die (Complex it at und der Oetailreichtum der Bauformen UeBen die Photogrammetne 
in den Vordergrund rucken. Die klassische Handaufmessung der 0au.ob.tanz war 
aussichtslos (vgl. auch Hauelshagen et .1. 1373) , zumal diit stark verwlttert. 

GIpsgtiteih bei dirakter Beruhrung hohes SieherftGitsnsiko darstellte* 

Daneben wurde eine GrundriBvermessung des Gesamtbezirks & nltwtiteren 

durchgefuhrt (dies z.T, photogrammetnsch und durch Handaufmessung] . Je weiteren 
waren die laufenden archaologischen Srabungen vermessungstechmsch und 

photogrammetrisch zu dokumentieren. „...i 

Die Basilika A die im Sudosten der Stadt gelegen i*t. ist ein eusgedehnter 
Baukomplex, dessen Zentrum eine dreischiffige Basilika von 2Bm ^.iteund 55m 
Lange bildet (Abb. 91. Das Htttelschiff wird durch zwei " a Z T 

Abschnitte gegliedert und anthill das fur Syrian typische 8ema, Das Halbrund der 

Apsis hesitJt Aine uinUufende KJ-flruSbsnk, 

Dr« aufgrund der Erdbeben notwendig gewordene Stutzung der Mittelschiffw-nde der 
Basilika durch kleinere Arkaden, die durch zusatzliche Saulen getragen werden 
durch Fullmauerwark und schlieBlich durch machtige Stutzmassiue von « 

in den Abb. B und 3 zu erkenneh. Im Oordhof der BasiUka war schon recht fruh 

eine Moschee eingerichtet* 

2(J « Teil rufen dl@ blS l6 m hoch aufragenden Mauern bei Aufnahmeentfernungen von 
oft n "\"!cltori 90 Aufoonmehodingongoo Mr vor. Avs FLArOrlrt.tAgrunOoo ... 
um die Effizienz der Arbeiten zu gawahrleisten wurden unterschiedlicbe kammern 

-*Phototh|odolit TAF r TerresUische Ausrustung Finsterwalder' 1. c*16Gmm. 

- HMA^ac Wild P3! «d.3S« m . nit ... v.r«„dung ,00 

handelsublichem Rollfilm mbglichl ? 

■ StereomeBkammer Zeiss SMK120 (C 3 60mm. BxlZcm Z 

' Hasselblad 50BC/M (Objektiv Distagon, fsiOmm, exBCffl i. 

Als Auswertegerate waren verfugbar; 

- Stereoplanigraph C8 
" Stereoautograph 1316 

- Anaiytisches Auswertesystem Plsiucomp CiDO 
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‘ Entzerrungsgerate SEG I und V 
- Digitizer Ortnoprojektor wild 0R-1 Avioplan 

Somit konnte praktisch der gesamte Bereich terrestrisch-photogremmetrischer 
Aufnahme- und Auswerteverfahren abgedeckt werden: Einzelaufnahmen zur Ent* 
zerrung, onentierte und nichtorientierte Stereoauf nahmen zur Strich- 
1in 1 e n a u swe r t u ng bzw. Orthophotos, Einsatz von Weflkaiwnern und NxchtmeBkammer 
(Hasselblad), 

Extreme Lichtverhaltmsse erforderten eine ausgewogene Terminierung der 
Belichtungszeitpunkte. Um den Erfolg dar Aufnahmen zu sicbern, wurde im 
Scnafstall der gastgebenden Beduirten ein provisorisches Photolabor eingerichtet 
und die Flatten/Films unmittelbar vor Ort, allerdxngs unter pnmi tivsten 
Bed in gunge n , gntwitkelt. 


wahrend der Herbstkampagne 1976 wurde im Bereich der Basilika A ein lokales 
Polygonnetz angelegt, zusammen mit emem Gerust voh dauerhaft markierten 
PaBpunkten, welches im wesentlichen Bauachsen des Ob^ektes erfaBt und den Rahmen 
fur die lage- und bohonmafUge Einpassung der photogrammetnschen Aufnahmen 
dar stellt . Die Anordnung der Paftpunkte wurde so getroffen, daB sie einen 
Anschlufl der im folgenden Jahr 1977 durchgefuhrten geschlossenen 
GrundriBvermessung ermoglichte. Somit bildet das Metz der geodatischen 
Polygonpunkte und der photogranvnetrisehen PaBpunkte den Rahmen fur die 
Grundrifivermessung. 

AuBerdem wurden Beobachtungen im Ob^ektraum <z.B. mvellierte Punkte und 
Stricken, vertikale Strecken etc.) als Modell-Einpaftinformation genutzt (vgl. 
hierzu Wester-Ebbinghaus t9fll). 


Die photogrammetrischen Aufnahmen reprasentiereo ein bestimmtes Ordnungsprinzip, 
So wurde uberall dort. wo eine agsreichende Aufnahmeentfernung realisiert werden 
konnte maximal genutzte Oistanz ea.BQm). mit der groBformatigen TAF gearbeitet. 
Dies gilt fur die Aufnahme der AuSenfassaden sowie fur die Schmalseiten dar 
Haupt- und Nebenschiffa lu.a, Hauptapsis). Bestens bewahrt hat sich dabei wieder 
einmal die Einrichtung des hohenmaftig verschiebbaren Objektives zur optimalen 

£l " e ** 1 "' senkr * chte Orientierung dar Auf nahmeachs* 
des linken Standpunktes zur Fassadenebene ist fur die Auswertung der 

TAF-Aufnahmen am Steraoautograph U1B geradezu notwendig. da sich dnrt das 
Geratamodellsystem nach eben dxeser Aufnahmeachse richtet. Steht bei einer 
HeBkammer ein horizontal Texlkrexs zur Verfugung f TAF, P 32 ), so laflt slch d „ 

Oneotxerung der Aufnahmeachse nach einem eipfachen Verfahreo rascb und genau 
^rreicnon. 3 


D». K*t* der TAF-Stereoaijfnahmen »uro. dort durcti SHU-Photo. verdrchtet und 
argenzt. m vorstahando. H.u.rwerk katoen EinUlct to dia Bat'"*', “So 
erlaubte. Daneben wurden die Innenaufnahmen d h -i D * , k Bezugsfassade 

t.ng r „.,dao - Bereich do. H.u P t.ch.F, s "i A U ? n S h maSSStaS ^r". 1 Tu" 
h ordlz chen und .gdlichon S.it.n.chifF, lAufnzhmodi.t.uz c,.I.I S 1 
Inoenberoich dar Bi.chof.k^ella- F.,t ,u..chli.BUch mit d.r SHK 
0.hai liaBen sich einige um JO 0 genoigt. Aufnahmen „ 1C bt vermeiden Um die 
On«ntierufig am Stereoplinigraptign C8 zu erl«icht«rn 

unzureLchenden HilfgmitteXn, di# dai SHK-Svst€m biPfst * Urd0 mLt dGn 

in der Reaei sa zu t l ^ System bietet. versucht. die Aufnahmen 

in der Regel so zu konzipieren. dafi die Aufrahmeachsen senkrecht zur 

Fassadenebene verliefen. SMk- und PK33-iufniihh,nh , * recnr zur 

Vor allem innerhalb der 'Bischofskaoelie- wn , t «... . , . ^ 

ca 3m oeqeben waren Sum h,z. u P , kl ‘ W ° Z T ’ nur Aufnahm*di»tan2en von 

ca.jm gegeben waren, kam die Hasselblad mit WW-Objektiv zur Anwendunq Dabei 

wurden vorwiegend Einzelaufnahmen zur Ertzerruno Anwenoung. Dabei 

St.r.u.ufo.hm.h zur StrichUni.nau,„ertung ,S i .»«r 

. .lhlad.ufnahmen zur Erganzung von 9 L0tB,h X'iuL -?XT 
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TAF-Aufnahmen hergestellt wurden. 

Oie P32 wards vor allem in den engen Pauman des Alamundrrbaus und u 
ioezlllzwscke eingesetzt, so Z-B. zur Aufnahma vertthiedener Grabungszustande 
das freigelagten FuBbodens im ostlichen vomum des nordlithen Seitenschiffs 
hos Abb 9 10> und zu Fuflbodenaufnihmen in der *BisthofshapeLh [BM- Hiartoai 

Zl, Jon arhoiten Standpunkten mit FreihandauFna^n ,vargleicbbar dem Kc-ept 
der tiiftbildphotogrammet rie fur Aufnahme und Auswertungl gearbeitet word . 
Jewells funf S m Boden ausgelegte und iibar Streckenmessung und Nivellement lo^ 
b,»pu-.l.tm»r k6 n Ho-tox ™ On.nti.runj- J«r * 

luz ,K^.r konst .n t .nb. rei cb -=““ t :”\ be r 9 rr h :::' 

•nttcMidiind beschl.ur. 19 l “ kl0el f(ir 01s5a n Auswerletyeu. suv) auch limn 

Punktanf ahrer etc . I. S*br PI.ktakab.1 „„„ 6i«t.r- 

Routiner zum autofnatischen Zeichnen, wie 
netzauftragen, fleschriften. 

* i nTaifh@ r versucn im Hmblick auf die Verwendung netier 
Ein weiterer erfolgreiche ■ talen Qrthoprojektor wild Ofl-l Avioplan 

Technologien wur e z J igt 8in * MeBaufnihme iTAFI der wand der Hauptapsis (HAl. 
unternommen. Abb.M ze19 * “ , L „ d * rau sschnitt. dem helm dbergang zur Oecke 
Die Apsiswand bildet einen Zyl Kuoelviertel aufgesetzt 1st. Somit 

(jetzt mir noch teilweiS*„ *[*£ 8n der Apsis«nd bei ZentralprojekUon eine 
zeigen die hpnzontileh «-*' Rl o ^ fcti wlT(J d iese Krumtnung ruckgangig 

deutliehe Krummung J u ^ h * 16 J lUn \eilen maflstabsgerechter AufriBplan, der 
gemacht. und es entsteht ein in lain Deffl fienutzer Urchaolbge. 

erdbebenhedingte “eformationen Enformationsgenalt und -umfang der 

eauhistoruer etc.) stent a Verfugung. Abb.12 zeigt das Ortbophotc, 

entzerrten photographisehen Au ^ wild I Heerbrugg hergestellt wurde. In 

welches dankenswerterweise von der is darqestellt. 

Abb.11 ist die Auswertung des FvBbo en$ ^ ze i S t eine sehr wirkungsvolle 
Die Abwi cklung des Pr ^“* S , Fr d hC hristliche Archiologie. Ulamistik. 
interdisziplmare Zusammenar^ t i ^ mmetrlfl wmeralogie) , Pei der ein 

Kunstgeschichte . Vemessungswe ■ ^ Koopera tion, ermbglicht wurde. 

ef-fizientes Arbeiten. auch dank g 

L1TERATUR tik _ Eine PilgeritaiU in der Ifcste, ieeen VerUs. 

t. Ulbert. Th, < 19731: D»* *P»t* ntlke n *” r * 

Zeitechnft ANWO Nr-GS u #r ! aU y, dr Gruyter Co. Berlin 

2. Kamtpp. W. 119761: Di* Si.dP".oer von Rm • f6tle Kun g .gew.lnrtl»aft (OfGl. nnv.r- 

а. Ulbert. TK. (19761: Berichi 

offent 1 ichl (gnpubl.l ,« T3} . photogr™«etr.«he ond kliniecht Ar- 

A- P1.u.Uheg*na t./Mcrgenetern, D./Tonne-«n, 

chlfcowtrl* m Afghaniact'-Sisle* 1 - AVK - nMasfn ^ (19761: Photogreemetri *che Agfn»h*e *chwer 

va. Fi.rher, k. / M« U el-h* 9 .n L- Llfld *, ko n*erveter Bh.lWl-a Bonn 

zu^kn^lichrr Ruin*n tm Dn*nt, 1963, Arin*ln ArcheOLogiqurt df 

5. Koll.itz, J., ArcMologi*h*r *• ™ 

Syr i* 19SA/55. 1956753. 1BGA . d ft Syr if. tibeeiri* orient. Paul 

б. Potdeb.rd. A. (193*): t* Sr. C . de «o« *•"- 1* 

Gegthnor. rut Jacob 13> P»r** ISyrienl. Archiologiscber Amtiger, 

7. Uiberta Th. 119771: Etne neo.ntdeckt* inecn 

y. do Gruyter Co. y. f f.hr*n«nt*ick1 0 n g in der H.hbfreich,photo 9 r»«.ttrie. 

0. Neater-Ebbinghiuo. w. 11 SB 1>- ^ ^ | nit( pbotograneetrie der Univereillt Bonn 

flitter tat Jon 19B1, Heft 2 der Yerof en c 6iu4QfM h«eri in der bytantimecben Will ten- 

9. Grun. AjMlUfUhigen L (19701: J %**..*«. Slbenik 

•tadt Beoafa/Syr ien, Free. 

, han .’ihnrsetzt von Dr-M.HullOV 
Zusammenfassung aus dem Oeutsch 
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*bb.1 SH* K*abUd:' UU d*r inn#- *bb.2 5HK-H*0bild: Kap*U« d*> 
r*n »udL. Ung.U.iadt rf*a hull- BiiclufiiiUtt 
ka-Hiyptiehifff § 




Abb*4 rt*Bbild~P32: T+U * ilWf 
tonn# iai Aluufdirbiu 


Lina- Abb.5 Maflbitd-^: 7*ii , ln#r 
w*»tttch*n Inn*m.and i. 

biu 
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Abb,6 Oie Lage Resafas tnaeh Ulbsrt 1979) 



Abb. 7 Luftbild won Resafa aus norlieher Richtung (nach 
Poidebaro IS3*I 
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Aan.B PhotogrirMietr is cite Auawartung dar innaran 
siiika-Hauptschiffa* (nach Gbararbaitung durch 
ca.T:15G, Aufnahme mit SMK 


•udlichan Lingafassada dai ii- 
dan Sauhistoriker), HaBstab 





Abb .9 GruodriB dar Buili- 
ka a 

9 K... 'Bincbofikapalla* 

HA... Hauptapsis 
«S*.. Hauptschiff 
OS,. Qatlicher Vorraum 

des nordlichan Sei~ 
tanachiff» 

NSS., Nordlichej Sflitsn- 

■ Cftiff 

NV... Nordlichar Vorhof 
SSS,. Sudlicha* Saitan- 
achaff 

SV... Sudlichar Vorhof 
H«ch KoIIwitz 
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Abb.10 Photogrammetrische 

Seitenschiff der Basilica A 


FuBbodenauswertung 

(fiacb Bearbettung 


C3 . l:50, Aufnahme mit Wild P3Z 


des dstlichen Vomums, nordliches 
durch den Bauhistoriker), HaBstab 
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Abb.n heBaufnahme mit TAF tier Hauptapsis- 
wand d&r Basilika A 


AG&.T2 Crthophoto der Hauptapsis- 
wand der Basilika A (hergostollt 
von dor Firms Wild/Hoer&rugg mit 
OS -1 Avioplan), Haflstab ca.1:60 



Abb. t3 Photogrammet niche Fulbodonauswertung d«i 
Inach Uborarboitung durch don Siuhistorikor). Ha a stab 


Hauptapsis dor Basilika A 
Ca.1:TS t Aufnahme mit TAF 
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HANS J. NlSSEH 

SEMINAR FUR VOftOERASlATISCHE AUEflTtltlSKUNDE 
FREIE UNIVERSE!AT SEAL IN 

THE EVIDENCE OF ARCHAEOLOGICAL SURVEYS 

DIE AUSSAGEKRAFT ARCHAOLQGISChER SURVEYS 


ZUSAMHENFASSUNG . w . . in „ 

D«r Fortschritt in seiner Ourchfiihrung und Auswertung lieft 
den archaologischen GoerUachensurvey zu emem eigenen Zweig 
der Archaologie werden; ohne die Hilfe einer Ausgrabung an 
emem Siedlungsort konnen heute mit verfeinerten 
quantitation Methoden und Kontrollierter Prob.nahme anhand 
on Oberflichenfunden - msbesondere durch die HogUthkeit. 

Keramikscherben bestimmten chronologischen Stufen zuzuordnen 
- gewisse Grunddaten uber die flesiedlung ernes Gebietes 
erbracht werden. die zeitlich, raumlich oder funktional 
differenziert sind und weit uber die einfachen An- und 
Abwesenheitsaussagen friiherer Untersuohungen hinausge en. 

NaturXiCh kann ein Sur.vey eine Grabung nicht ers 
Grabung und Survey smd zwei untrennbare A ^ pek J e ?* a 

archaologischen Untersuchung ♦ e* gibt a er run 
die nur durch einen Survey gewonnen werden konnen. 

Ausgeftend von der Erkenntm*. dafl keine groftere Siedlung aus 

sich selbst existieren kann. sondern stet* den I 

ernes Unterhaltungs- bzw. Siedlungs systems bildet. belief 

sich die 5 e Grundaussagen -f h die 

Siedlgngssysteme und auf die Regain. nac 

numliche Anordnung sowie die verschiedenen Siedlung.gro»-n 
mnerhalb dieser raumlichen Anordnung ges a 

des Wesens der detreffenden Kultur ^ ind ‘ ’ * J de ^ 

Aussagen uber die fuerarc isc d 

Siedlungs sy stems (ein- Oder mehrschieh tige Sys * ' ^ „ n 

damit zusammenhangenden Artzahl von en . Fallen 

untergecrdneten Ranges ' riA 9 T*» llw-.nh.lt ernes 

werwaltungsmaBigan bzw, poimschen n er 

Bel spiel Per Stedt Urek i» .udrr.-iech.e b* «>• 

TT n ’ na 

dir^r/x:^:™.-- 

seines Einsatzes in Mohenjo Oaro. 

, . her(ls 0 r other finds on the surface have always been 

Large accumulations <* *£-•«»*« a 5ett i en ,ent on the spot at some period 

taken to indicate the former pr knawledge of archaeological contexts, 

in the past. As a r*J uit ° dat mg of pot-sherds by their appearance, it is 
especially in regard to the * * ^ tlCular chron0 logical levels. Thus 

possible to allocate such sur ^ ananCient settlement oh the spot can be 
the f ac t that there ™>s ® the settlement was inhabited. Without resorting 

expanded by the informs ttfQrf> 4t ill possible to obtain certain basic data 

to an excavation it is, procedure attracted growing attention from 

on the settlement of »n area. 
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be9an to ”* u * e th,t n ° ^ no 
larger on#, could exist self-sufficiently but rather that each settlement 

of * “ eflce ~ 

s ?v’ c =. ssSS 

..titnr 'S£."%? , £? m 2 *2 "" ich B tnu ’ «». ..«ti.i..n« 

numerous non-"diagnostic' finds in r ! r * n J #1 ° n w J Al8t Mnorinf the usually more 
or controlled sa«ole-u»in 9 m,' led to t V H\ c "«thod» 

confirmation „r --- or tte.nc. .pled 

*■>»“«. -~u *....*** 

material collectio 9 . the fin.n.s, 0( t „. re!LdM l e.laV h ° rOU9 ' >n * SS °* ,h ' 

time available for the collection Ml , ° d d details or in the amount of 

intensively or carefully carried out - can Jubttitute flVV* ' "° h0 * 

same time it is true that in certain cases even the ** th * 

can yield information otherwise unobtainable floJh « * aStAly executed survey 
inseparable aspects of every .rchiJol!J?e.f •*'“ W#Ud " and surv *V a ™ *0 
will concentrate on the type of information l investigation! if* what follows I 
alone. * information which can be gained through surveys 

Human geographers have long been familiar with *h- t 

which are situated so closely together as to ° b * erva * lon tl, « t settlements 
connections but daily intercourse between them are n aU "* ,d not ^rely trade 
over a given area but are sited according 0t f ° und SCa ttered at random 

sizes within this spatial arrangement. form part of tnl! vari ^» settlement 

in question; if, for example, all the setti^J! essence of the culture 

»r. .f ,h. thl , Ldicu. cuisi^si > , cu ; tu ” ii » 

this culture were not the same as th«y^vould^‘hawe'h 91 Patterns of 

this area varied greatly in site. Petn had the settlements in 

Where the settlements vary in size thev 

rather to form groups of network patterns t h B K n ° Scat tered at random but tend 
the knots. Patterns, the bigger settlements representing 

Such concentrations of settlements seem to foiin» » K 

with only minor concessions to local peculiar iV * **•*• rules the world over 
to be that smaller settlements grow up close ena.mn*' T ^ e prirtclple would appear 

ore^^r dailv cont «t between them of eve^^IinJ Urb3n 

prevailing transport conditions. The reason fnr f h i. * d9penflin 9 on the 

sought in the rise of new services and function* . * Settlen »ent pattern is to be 
division of labour - catering to a lamer e a t rh I 3 * * resul t of the increasing 
settlement, i.e. which provide for a number of «^? t , 1 are> th,t of * single 

one. The 'central' functions become concentrated m 1 * m * nt * * part fTOm ^d m « 
m a geographically central settlement lnsne»/ few places and primarily 
already occupy a central position for other ** thi * 5ettl d"*oot did not 

have attained central importance for the wfioi« r !! SflnJ ' T thi5 As on * wa ^ could 
increase further through the continuing assimn^r " L * importanc<> 

9 ,S * 1 " ,Uttlon Of additional central 
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services and functions by an already established nucleus. 

The degree of differentiation within such settlement groups shows clearly that 
the society in question was acquainted with the phenomenon of rank, inequality 
of status and hierarchy. It can also be taken for granted that political de¬ 
cisions were taken in the larger central settlements, so that in the case of a 
settlement system comprising a nucleus surrounded by smaller units we may speak 
of varying levels of political dsclsion-miking. 

Besides such two-level systems there are also multi-level systems. Mere the 
levels of several two-level systems co-existing within a coherent area have 
interconnected as a result of central functions of predominant importance homing 
in on an already existing nucleus which is thus promoted to a centre on the 
highest level. The economic, social and political structures can then undergo 
further specialisation, indicating the development of the culture concerned 
towards greater complexity. We may also assume that the third-level centres re 
naturally more powerful than those on a lower level, as the size of the 
affected by the political decisions of such an upper-level centre is greater. 

Although all this information has been gleaned from the ^udy of modern 
settlement systems it has been proven to be universally valid, so that there X* 
reason to suppose that settlement behaviour in the past was governed * „ ^ 

same rules. The precision with which the quality and qmntity of the central 
functions or the extent of the interdependence among the individual ***“•"*"** 
can be defined depends, Of course, on the exactness of the information which can 
be obtained on the settlements themselves, their f Wt ; J"*" ^ 

trade connections. Here an absolute minimum of information y 

the settlements and their spatial relationship to one another is necessary 
,t ; certain knowledge that such settlements must have existed 

contemporaneously. Initially, only a few fundamental statements with no claim to 
further differentiation can he made with any confidence. 

Certain conclusions can be drawn, for example. ^ the condition of 
raneity of a number of older settlements is fulfilled, if it is apparent that 
they can be subdivided into three dearly separable groups according to size an 
that higher ranking settlements are surrounded by one, of the next lowest r_ 

thus conveying the impression of a 

±. .. area where,, « vat r 

testified not to mention those areas which only show traces of settlements 0 
' th S3(Tie S1 ze without any recognisable systematic connection 

approximately th. “■ nature „ f the antral functions which served as 

e ween _ k the in tern»l cultural intercourse and exchange of ideas, 

interconnecting J nfl social struCtures - the present state of our 

e economic, fflore than speculation. Perhaps the only statement that can 

be° W i^r Is That it would appear from the nature of inter-settlement 
relationships that the hierarchical principle in all these structures was very 

pronounced, 


This basic information can 


lead to more specific conclusions on one point only, 
inis nasic -ever, I want to draw attention to a conventional method 

! odists to represent inter-settlement relationships graphically 

method is based on the premise that ideally the catchment area of a central 
formed a ring around it and that several such central settlements 
SSK ««»«•« •«»» »r« UP o«.r . 1...1 Pin.. T.kln, it „ , 
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matter of principle that by definition catchment areas may not overlap, we find 
that tracts of land are left over between the contact points of the circles 
which do not belong to any centre. If we take as a second principle, however, 
that the available area should be divided up completely among the centres, th» 
result is a slight modification of the hypothetical circle in the form of * 
concentric hexagon. This geometric shape represents a model cluster of 
settlement systems which covers the entire area under investigation and which 
can be expanded in every direction. Ideally, the smaller settlements dependent 
on the centre dot the relevant hexagon. Here it is possible to draw certain 
distinctions based on the position of the settlements - some win coincide with 
the angles. some with the centres of the lines and others will fall somewhere 
between the lines and the centre. The differences in constellation would appear 
to reflect differences_in the relationship between centre and hinterland. 

The settlement systems vary in spatial form depending on their primary, central 
functions in their urban centres. A series of three abstract models of 
settlement system types can be constructed on the premise that the connecting 
links between the systems are represented primarily by a common administration 
or mutual economic interests, such as the marketing of agricultural produce or 
the distribution of centrally stored goods. Following the “inventor’ of the 
settlement centre theory, M. Christaller, these models are Labelled K3, Kt and 
K7 (Fig.U. The theory behind them is that it is an advantage for a settlement 
to have equal access to as many urban centres (= markets) as possible so that 
any price differences between them can be exploited to get the best prices 
possible for the home produce. As can be seen, the organisation form represented 
by the *3 model enables each settlement to have equally good access to three 


A cost factor to be reckoned with in the distribution of goods from a centre is 
transport; costs are low if distances are short. Settlements sited according to 

Thl*iHhiIIfi Pl I liS ha J f ; way on the direct routes between pairs 0 f urban centres. 
The inhabitants accept the fact of now being able to choose between the goods on 

offer in two centres only in exchange for the advantage of low transport costs - 


Whereas these two model forms of settlement organisation are constructed oh 

!etti!l C ft r rinCiP ' the K? ffl0del iS based 0n the theory that the individual 
settlements comprising a system are linked primarily by means of a central 
edmidistratidn J“* , « *" urban the tl 

settlements maintaining contacts with several centres underlie the m a nn ici 

c,, r •* **•" i r",^«« 

0 a single centre, as a settlement cannot be under tne administrative 
jurisdiction of more than one centre. administrative 

tn ° of the various model. IFig .,1 morns 

that the differences between KJ and *> are slight. as the spatial r.lation.h.bS 

z zztirivr, °z:r™ *»■ ° tn " 

e r d r;:,:: 

settlement - free ten, rbis vacant zone S,< ” r * , * a by * 

avoiding situations of contention due to the conflicting cl!!m # ° f set “ ements 
centres Ru mri „, n „ _ , ine conflicting claims of neighbouring 

central. By movies cloa.r to on. of the,, centre, such ambiguity is avoided. 
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To return to the archaeological context - Although settlement sire and 

limitations of the hexagon model become ^n mt “n 2e obtained from an 
distribution is exactly the JJJ*^^aturally cannot expect ancient settlement 
archaeological surface analys £Utitle di f fe rences such as those between 

networks to form neat hexagons, our material However, this is not the 

models K3 and ICC are not to be ftund J" ^ i>ttl ^. nt _ fr „ zone 

case with the main characterise area of uneven settlement 

which could more likely he encountered even 

distribution. 

a. n t arriving at more specific statements on 
The possibility already ffl “" ^ J d th(? ffl „ re confirmation of their existence 
particular settlement systems V be drawn between those systems 

lies, therefore, in the and those mainly united through common 

whose cohesion was economical y 

administrative/political interests. 

# *„*, bv a n example chosen from a geographic region which 

This can be demonstrated y more or 1#g$ comp iete reconstruction of 

offers almost ideal conditions . tracts of the southern part of Iraq 

ancient settlement patterns. ' * hsva been ur , C ultivable and therefore 

between the Euphrates a „ In all this time nothing happened in 

uninhabitable for the past U . ' olcl er remains. Added to this is the 

this area which could have jj prevailing high aridity and strong winds which 

constant wind erosion due to debris fro m the ancient settlement mounds in 

has blown away up to 3m of cultur ht rertainS( suC h as disintegrated mud 

the course of time. where ^ all t he heavier bits were left lying on the 

bricks, were simply carried V sherds As a result, most of these mounds are 
surface, particularly ceram1 ^ d that lt is impossible not to step on them, 
covered so densely by #1 of this nature everywhere that the former 

In fact, there is 30 . dated without any difficulty* 

settlements can generally 

anallv true of the environs of ancient Uruk in southern 
This situation is ^P ec H Aaams and myS elf in 1967 lAdams. H. H. and H 

Mesopotamia, investigated y * rmcago 1972 ). Apart from collecting a wealth of 
J. Mis sen. The Uruk Country^ r [ 0(l between the end of the 5th millennium 8C and 
material from almost every pe da(J satisfactory answers to many puzzling 

the Islamic conquest which p ^ obtained on the relatively short 

questions, it is particu a which can be used to illustrate the 

time-span from ca. 3,200 «* 2.5™ 

models here described* 
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Four mips showing .11 the iMM village scattered «« «• ^ifle""^" 

four consecutive phases are reproduced tn Fig.?. Certain basic d 
Between the four maps strike the eye immediately: 

- the number of settlements decreases dramatically, m 

. ,p. number or «t.r oour», „ broken line. ».k,. S the ..ttl—nt.l 

also decreases, the few remaining ones change course further 

- the number of large settlements increases, especia y 
a*iy from Uruk« originally the only large settlement. 


lh« reesoor for the eh.*.*. io .<ttl.fl.irt .tructur. o.hnot “* 

I.. J. «»•«. “ r T 1 « U for"’J r1r!”«.;."".hm ...titute 

Ancient Near East; in: Festschrift ' of change involved will 

Communications (Chicago) 19B3); ms ‘ ' d a decrease in the number of 

- ° Ur attention. The general trend towards^a^dec. did ^ ocCur 

settlements combined with an mere Th<f eviden ce shows rather 

consistently over the entire area un e ^ rate outst de an empty, find-free 

that this process took pM ■* ^ ^ |oside thif zone the number of 

concentric zone around the •“« remaining do not increase in sire. In later 

settlements decreases, but those th one takes on a new 

^ .oi.r,...nt this ...... . 

STU TllZl'n l. - — centre. W.. for the ftret ««. 


. , *<>ttlements was complemented by 3 parallel 

Assuming that the enlargement o lement _ frone here pears the same 

increase m power and also that dlsC y SS ed, the following possible 

implications as in the moa J , th 0 i a urban centre. Uruk , 

interpretation is worthy of c0 "JJ d "” power in its inner catenment area, it 

to prevent th. 9r.« h »J „ n „„ it t. hot to lielrtln i. 

fails to do so in its more dista and afl ou ter catchment area 

control. Therefore the boundary be ween reoresented by a settlement-free 

controlled h, » .»« » the 

zone which arose as a result © nc>rUinty of being or not being subject 

undefined border area to put wit t lt was only where it was clear to 

to direct intervention Pv <h. «b.n “"‘"J* “the outer, th.t t.ttl.ment, 
which catchment area they belong® . m opinion< the existence of this 

ware established in this no man ' Qf th€ i arge iy political nature of the 

settlement-free zone is C *?* T ^terland. This is confirmed by the fact 
relationship between Uruk and ^ centres in no way inferior in 

among others - that the emergence o ^ conflicts on an enormous scale, at 

siie to Uruk eventually ibout thl$ perio d testify, 

the historical accounts which star 


.Mrn allow us to observe this gradual growth of 
By virtue of the survey results whic suggest reasons why all the towns 

rivalling powers we can, for the r to ba in a state of feud: the 

in the period shown in the four interest which blew up into never-ending, 

trespasses on each other s spheres o. can »ls. 

insoluble conflicts over boundary a 


added as it 


shows another dimension. The 
area discussed before, 


Briefly, a second example m * v b * c#n tre of the 

ancient city of uruk mentioned as reconnaissance. Again because of the 

° of the surface and because of its datability 


itself has been a target 

masses of pot-sherds on all parts “ T oarticuiar area had been inhabited. 

.i»l. to d.t.pn.1". at *««» * 0 i, 


it was poss 


As here the object was an urban 


Trea it was possible to see which parts of the 
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city were inhabited during which periods. 

For comparison we may take the evidence for the phases contemporary with maps 1 
- 3 of Fig. Z. Admittedly, the survey of the city has been very impressionistic 
rather than systematic; yet. the trend shown nevertheless may endure more 
sophisticated approaches (Fig.3). This trend shows a steady growth from a rather 
small town to a city of almost 6 square km. within the course of 900 years at 
moat. 


Fig.3 


The link with the former discussion is obvious. Whereas in the more distant 
hinterland the local population concentrated in fewer settlements thus causing 
the number of settlements to decline with the remaining settlements becoming 
larger, the development in the immediate vicinity of Uruk was different. Mere 
too the number of settlements declined but none of the remaining settlements 
grew larger. Instead of this, as we can see now, the central settlement of Uruk 
drew in the population of the abandoned villages. 

Many other examples could be given of problem cases where the results of surface 
analyses furnished important or even decisive new data. However, it is merely 
intended here to point out that just as new data can be obtained by analysing 
entire tracts of land, so too can the intensive analysis of the surface of 
ancient settlement areas be most productive and informative. 

It can toe easily imagined that when applied to the Karappan cultural area, 
similar investigation methods could also lead to results which would provide an 
insight into the inner cohesion of this still so impenetrable culture. 

Ubersetzt aus dem Deutschen von Or.M.Hulloy 
Zusammenfassung von C.Huller-Waldeek 
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HASStMD VIDALE 

FGflSCHUNGSPRDJEKT MOHENJQ-OARO 
RUTH AACHEN 

OUTLINE OF A STRATEGY FOR THE ARCHAEOLOGICAL ANALYSIS MD INTENT AT ION OF A 
3RD MILLENNIUM BC POTTERY PRODUCTION CENTRE IN THE INDO-IRANI AN REGION 

STRATEGIC QEH ARCKAOIQGISCHEN EAFOflSCHUHG UNO AdSWEATUNG EINES T&PF ERE 1ZENT RUMS 
OES 3.JAHRTAUSENOS VOR CHRISTOS IN INOD-IRANI5CHEN RAUN 


ZUSANMENFASSUNG 

Um eine brauchbare strategic fur die 
archsologische Erforschung und Oeutung von groHen 
Tbpfereiprcduktionszentren entwiekein. 

erscheint es sinnvoll. *ie vorzugehen: 

Ote Rekonstruktion dreier grundlegender Aspekte 
ernes jeden Produktionsverlaufs, namlich 

a) das Produktionszyklus (physischer Ablauf der 

Arbeit) . 

b) der gesellschaftlichen Organisation der Arbeit 
e) der Erstellung eines Musters fur di* Formeo des 
Kommunikationsf lusses 

biidet den Rahmen. innarhalh dessen die 
Erforschung der Topfereiproduktion tinted aide 
Neubewertung der von dar Archaologie ge 
Indikatoren sowi* durch die exparimantelle 
Verifizierung ihrer zunachst bypo e _ 

Funktionen und Benehungen zueinander innerhalb 
der o.g, Punkte stattfindet, 

Diese Arbeitshypothesen ^erden * nh41 ^ r nlh I, 

Beispielen aus dan Grabungsorten Shar-i Sokhta, 

Tepe Rud-i Biyaban 2, Tape Pash (Sistan, ran 
Hohenio-Oaro (Pakistan) erlautert. 

4 . f T, n , a series of methodological hypotheses established 
This paper attempts to , of , strategy of research on intensive 

as a starting-point for the _ , it „ of the Jndo-Iranian region, 

pottery production are** \ n , hal l refer encompasses the information acquired 

IIS* fy the Italian Archaeological Expedition in three 

different sites in Drot ohistorical site of Sistan during the 3rd 

'• !«“.!« o!.r »n ....... HM «•» — '•» IIMi 

'**»• l?«0; S.l».tori «.tr. r.l.ti*. to P.nod III of 

2. Tepe Rud-i Biyaban 2. P _ _ 230() acJ that excavated in the 

the Shahr-i Sokhta sequence lea. 

1970 season ITosi 1370); pottery manufacture, located 2.5km SSW of 

3. Tepe Dash, a large factory sit » earned out in 1*78 Uosi 

Shahr-i Sokhta. on which only a surface 

1981 }. 

t , n a r ew systematic approach to the study of pottery 

In order to develop a n y the reconstruction of three basic 

production, observations should _ 

aspects of any manufacturing ' omni ,»tion of work), 

1 * the production cycle (the pnysi^ 

2. the social organisation of 

3- the patterning of the information flow. 
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Accordingly, our aim is to provide a critical reappraisal of pottery production, 
as an aspect of craft specialisation, in the light of a more general 
reconsideration of its indicators available across the archaeological record. We 
should stress that every production cycle is reflected in the archaeological 
mirror according to particular dynamics that are a function of its internal 
structure: the correspondence between segments of the production cycle and 
segments of available archaeological information is never a simple and direct 
one. In the case under examination„ we are dealing with macroscopic assemblages 
of indicators relative to certain stages of the cycle (like kiln remains and 
wasters in pottery firing}, while other stages, like forming and drying, are 
Obviously clearly documented. 


THE PRODUCTION CYCLE 

The production cycle may be conceived as a continuum of different events to be 
resolved, with the aim of a structural definition, in a set of hierarchically 

ordered analytical units (Tab.1). This hierarchical model calls for a series of 
comments: 

at The production cycle viewed, where appropriate, as an integral unit of the 
whole production process of a given society, represents ideally the universe to 
be investigated. 

bl Within the pottery production cycle we can isolate three processes- 
* extraction and preparation of raw materials, 
forming and finishing, 
firing. 

Apart from the employment of different apparatuses, these processes are 
characterised in our case by a relative degree of differential allocation, 
corresponding to the different physico-chemical transformations executed. 
Extraction of raw materials was generally not effected on the site itself, and 
evidence for it is hardly expected in the archaeological record 
cl The operations, the central units of the model, are abstract unities that 

SSilpSS .r p r d by 7051 f0r his stud * o' «rk allocation: 

**L TtTl Cr4ft *' definecl as minimal units of 

Observation... to be established for each particular craft according to the 

n» " th * ‘T" 1 "-* ad01> ‘ e0 *" *>>“ Diven c.Uur.} 

(1981: 6), Thus they become the basic and most suitable uniti** th . nimh ^ KijF|l 

observe the behaviour of the production flow in terms of spatial vaJiabilit^. 

° f WOrk and pattern * of information processing 
d) within the procedural model here suggested, the degree of relative evidence 
of transformational activities in the archaeoloaieai h * evidenc 

to the hierarchy of the units: therefore we SSl ! *1?“***' e ?"* in9 . 

• *»i.nc. ct th, l.v.l of th, production a,3r « < ’ »' 

of tn. micro - movement,, * l *‘ "*” U! * «■ »•«•» 


!"* reconstruction of i production cycle take, two distinct routes- 

finda^in ^ *« 

»* hypothetical r.l,tii«SUI 
activities and types of a archaeological euiri^nrp **, i 

two b„ic type, of id. corr.soondrn, to ,« snUytlc.l 
artefactual indicators - archaeological finds „, H hi. 9 

(facilities, tools for manufacture, residues, semi-finish h* T J! S1 S class ® 5 
unworn products, materials for recycling) - and in t* Products, stored and 

include a wide range of evidence drawn fJom internal” . ^^icators which 

of artefactual indicators (e.g. internal 1 *rchaeometric analyses 

kilns, wear traces on tools, work traces on the an< * ^ fiaracteristics of the 

the fxmsheo W *d.et *J t a^T "° Ik . lr,eM 00 

do not yield information on the allocation of the nw"* ^ lff * ren t in that they 

uu " of the performed activities. 
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Archaeometnc Analysis can extend the range of internal indicators to infinity 
Given the continuous interference between these two types of ACI, t e propo 

r ti r i r.t i, or r v. 'zzut'xsizfz * 

js; r ■; ;r hy - 

«' «! ”e «hol. .».««. i. progyes SIV.ly **»»•« * St,t * 

that can deemed sufficiently fluid. 

One of the most important results of this secondessed^that^not 10 ^!! the 

functions are immediately tnjXE 

this, and the fact that all ofierstw*, V ean be ' ld(mtl fied by the detected 

within the work sequence, these _ n be considered and defined 

indicators of the successive functions; these ACI can be consi 

as * cumulative indicators . 


emerges from two 


THE SOCIAL ORGANISATION OF LABOK » hlch 

Organisation of labour could be defined as cne v 

TlllLll, 9 roup .w .. tM W . iUl «- •* 

.1 .* diff—t segments W th. soci.l Mn. 

. ^ tad to the production centre, a strategy is needed to 
As this analysis is c0v ered by sphere a). Archaeologically. these 

investigate the relationship reistlV a allocation of the craft functions, 

relationships are expressed i _ relative ACI. within the spatial articu- 

i.e. in the spatial variability t0 a coherent set of spatial units 

lation of the site. By subdivl i 9^ rooms, courtyards, open spaces etc., 

(either cultural containers them'm terms of presence/absence/relative 

or simple grid * _ lt bec0 mes possible to recognise in the 

frequency of ACl of craft \ imprint of the functional aggregation of 

archaeological record the fossilise 
one or more spatial units. 

h i< actually applied on the surface of the so-called Honeer 
This line of approach is actual ¥ with evidftnce of intensive manufacturing 

South area of Mohemo^‘^Besearch Project with Italian cooperation. Here the 
activities, by the Germa units i# rec0fded as a function of the spatial 

scattering of Ad wLt ^" sfo ^ atl on activities performed. In this case the 
variability of the tran * aLfln g the slopes is further affected by the 

distribution of the lfldl . factors (mainly wind and water erosionl whose 

intervention of P° $t " asp ®“ reconstructed and defined in order to relocate the 
behaviour dynamics have to be reconstru 

assemblages in their primary situations, 

„# architectural installations permits the establishment of 
Structural analysis of arc _ ^ selective or privileged access between the 

presence/absence of r ^“_ b function. In the open spaces, the existence of 
units previously character^ invfist igated by developing a proper methodology 

similar relationships cou 1 ntiftcatiob of the ancient paths (for an 
for the archaeologica 1 i observations on paths cf. Deboer and Lithrap 

ethno-archaeological examp^ af|llyJll could function as a test to verify the 
1919). This phase of 50* *r evi0(J5l y isolated. The final result, therefore, is 

functional relationships p Qt mQJ , B aciVi . ty areas expressed as 

the isolation, within the sita. 
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clusters of ACI, of their specific roles within the manufacturing cycle, as well 
as of their relationships of spatial reciprocity. 

THE PATTERNING OF THE INFORMATION FLOM 

Positing tha argument in (somewhat old-fashioned> metaphorical terms, it can be 
seen that once the composition and the circulation of the blood (the physical 
low of production} and the nature of the organism in which it moves (the social 
organisation of labour) have been defined, it should now be necessary to 
investigate the structure of the nervous system (the patterning of the 

the° r inoi!\ l0W h ** ShaU therefore l00k the archaeological record for all 

InItitItioMlil.- "" ^ " '■■■ miUrlil expressions of the 

institutionalized processes of social control...* [Tosi 1961: 33j over this 

smem - The mi °* in9 tnree * 

" n€rt " i » f ■ »« •' 

render, them rather elusive to direct iltowUetiJn ^Vtically 

others r he co n«rn n « t interpretation. These include, among 

CJ, Shahr-i Sokhta (Lamberg-Karlovsky and Tosi 1373- F ie tfti * I i ?* ***„ 
(Marshall 1931- pi ckv „ .. 0,1 Fl 9- *8) and Mohenjo-Daro 

th. „»,«; « 1> : th * «*■>“* •» «™ inss rm...™, 

ti.t », coui IT.I «.!!!,„“ .(TLTf"! 11 t. th. 

(Pracchii IS® 11, set functions of communication 

c) AU this archaeological evidence represents the avail,hi a „ , 
communication and bits of specific inf..,.,. , availl hle record of forms of 

InfOTmitio*^ U processi. a 'indtc.tor. of 

tools for making* (Mitcham 1370: *34 j Bithi _ * * f0r <*«"> as opposed to 

considered a, the material embodiment of different J* 0l * uct " >n Cycle ‘ th<f V may be 
matron, with the function of reouiatinn * , of sp ® ci *ii50d infer¬ 

tile production flow. We no longer take i rtt( ,° n trollw, B the different stages of 
devices were expressions of P«*«ibiUt» that such 

logic of the production cycle. Tab 2 shows !* tr *neous to the functional 
administrative devices considered by Tosi in hi- attempt to integrate the 

indicator, of information processing available ** on Shahr " i Sokhta with the 
expected from the picture we have of protohistory sistan" *™* ca *0*. generally 

The two basic groups of aIpi ire divided 

within the production fl QW . These functions 9 ^ their Presumed functions 
indicators, have been defined as follows; ’ 9efteratift 9 four elates of 

1 ‘ determination of physical dimensions 
If weights are not infrequent in the 3rd -,}i„ 

gion. devices for standard linear »»],„. ® n nium BC assemblages of the re- 
furth.rmore. th.ir 1. £*"»£:££?*•“: !° *>• «« r.r.r, 

centre is rather improbable: even today potter. * r * cord of a pottery production 
a, stick, to take measurements. Very often thJ**-* suth improvised standards 
drawn from pre-existing artefacts- this imensions of the product are 

objective communication. Conical objects that co^in h™ irtt * rsstin 3 oxample of 

Quia have been true pyrometrie 
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cones have been found on the surface of Tepe Raikes, a mound close to Shahr-i 
Sokhta (Fig.l. *1 ■ 

Z Record-keeping of numerical entities of fractions of the flow 
with the term -counters' we refer to the small geometrical *!£!?*}* , V 

Tosi in the group of finds indicating administrative activity (l9flt. Tab 
'Tally discs* are tablet-shaped clay objects with a sign on one ace _ 
tallying nicks on the other; they are administrative devices known to date only 
fro^Shahr-i Sokhta and Hundigak (Tosi ,98,; Fig.,*,. If «* ^ jr a > 

as semi-permanent recording devices of quantitative dimensions of fractiona o 

the flow at rest or in motion, we can consider the counters 
non-permanent devices with the same function, or as counting elements 
make a permanent record of the information. 

i'sar.rrx-E-r 

SSSSJ' KSti ‘2.3ST i”«S»t- on fractions , • - 

s-iratr rsurs 

containersJ* 

Tho fourth Cl.ss of *IPI intlM.. ■ «« " f inhtcotor. th.t could ho 

called 'graphic : . P - Ufi t a ilis 3 tion of a graphic denotation to be 

the f * Se ; ls . S af e »li 9 S on pottery, potter' s marks and other 

reproduced mdef, tniteiy nr ^‘‘ * T 9 the esm n functional denomination of 
pieces of evidence are thi§ diM icult term we want to stress their 

relational determinants * the widest sense, relationships between 

common characteristic group/society on the one hand and 

unit of production/ fraction of P roductl i t>fi/c t 7^ e e X o ;”^ ttl ° n 0El ° th * r ' * 
Clear that this class is not nomotaxial with the others. 

11 . - ir n rtaf* calls for a series of tests to define 
The level of iifoption av»i a_ g t ^ irtdic .tors inside every particular 

the specific --- a - n raphic indicators from the fourth class and to 
cycle* The aim is to eKtr.ct ^ 9 create n , w one s. For example, the discovery 

insert them in the f:i«t three . inC is*d op tn , rim of * ^ ar referring 

at Shahdad of a P-to-EUmite in scrip £0 ^ ifl( „ *. g .„ (wasser) ') 

to the nature and a ™* ni writing on pottery for the 'determination 

<Hmz 1971; 231 documents the use timBi would also document a new class; 

of physical •*i«;*^; i t * comn0 dlty contained' .Alio on record, still at 

S ;:S:" B Ir n t:: X «.«.-■ on a set of pots. t. indicate a scale of 

relative capacity (Salvatori ,97Ba. 5K 

wful illustrations of a fundamental characteristic of 
These two examples are use _ ^ dflgree of depe ndence on archaeological 

the relational <*^ermin»nt». dimensions ln thB e)(lltlt)1 e first mentioned, the 

contexts of extremely ^ bfl BBen lrt relation to the pot and its 

text is meaningless v* 1 * 9 * primary context of analysis. In the second case, 

capacity: the „ t of its mark, but the system becomes meaningful 

every single pot is the co the existing relationships between scale of 

only in the larger cohte _ ^ # third hvpo thetieal case, a series of pottery 

capacity and serie * , rtividoai producer would require as the primary context 
marks referring to tt\* _ _ em n or aneous production of a given site. We suggest 
of analysis the whole c<> yLt , reis previously isolated are necessarily the 

that the dusters c ti _ site, for the understanding of the functions of 

primary context, in a prooutv 

this class of AIPI* 
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VIDALE: OUTLINE OF A STRATEGY 


The complexity of the phenomena to be investigated is well illustrated by the 
pottery sequence of Shahr-i Sokhti and by the assemblage of Tepe Rud-i siyaban 


in S th^ r the *°‘ Called potter'* marks appear sporadically in Period I, 

f \ t painted tracts or splashes of colour that could be 

tTJZV* ” Uf Pr °° fS 1Fl9t0p iefU ‘ ln P^iod II. a true code of 

Lit s LtiT\Tl in USe< f ° Und *" the ma30rity of cases the bottom of the 
P pBd faeaker s - a type intensively produced {Vidale 1S0T) - and onlv 

nr" T tery , t¥p -' ,n » -*■ n i 

II at least one type of mark, known also from Mohenno-Daro (Figs a *1 
.pp..r, „ . variant o, an anthrvnomornhit ”p,t 

p°rr,':rr“r, T r./“r 

thereby l.cgnentin, a ° ,,r inoi ‘"' 

I FlS- 1 a B). 


tion processing within the cycle 


The kidney-shaped smoothers of Tepe Rud-i aiu.hth ■> tc ■ 

by reutillsing the rim of broken bow!, SigS, ' C; Fi ®' 6 > "* r “ 

tool. Which hav. b..„ incisen ante with." ‘‘TY t " 1 * cla,s 

519 ns included in the list of those founn * p0inted implement. Some 

Fi9.fi and Fig,5, middle right; a lso Toil ^' 

The truncated cone-shaped moulds {formerly also kn«g,n 

distinctive artefact type in the asSBm hL , k as T*r-stands*J are a 

BC in an area extending from Turkmenia and Ut * ^ millennium 

Valley (cf. Hlopina T9H). The clav was nro " , B * ia to Sistan and the Indus 

on the wheel to form the lower part of the oot all!^ * rBverted placed 

was thrown. The specimens from Tepe ° f tf>is part « st 

face a wide range of signs incised after th V 2 .°* ted show on the exarnal 
the best preserved specimens iFig 7 * r 0S1 r ?ctn 9 * Fa9 ’ 1- 0; FA 9- 7 >* On one of 
organised in a form of writing 9 which can ^ ' ***** ^ *** 

Proto-Elamite [Heriggi H77J, On the internal Con f ldeT ®^ to be related to 
signs are incised tFig. 8): the clav ores^ri , ^ - Ce tW ° COfl1 ' )i ®tely different 
positive impression of the signs tn v*i. * lde th * m °uld retained the 
•pot-seal* directly connected with manufacture “V™ dBalin9 with a 

performs simuiataneousiy two different role* , and P* 0<1 uct. fhe same tool 

" of information processing. 

This incursion into the sistan evidence was 

exemplification of the interpretation ^ intended to give some 

MPI which qualify as relational determinants 10 er0nt to th ® an *iysis of the 

A phenomenon like that of the potter's m ar fa- h 

historical perspective, a$ a possible formati ** often been considered in a 
convincing attempt to prove this case i s Brnh^! 39 ! ° f writif, 9 - The most 
Durrani dW) regarding the signs f rom tiia II! ¥ ^ rac8ftt ^ntribution by 
stressed that the analysis of the AIPl it tn l ,‘^ n '° 8ri P^tery, it should be 
material remains of forms of information ornr* C rofUc A ®vei, conceived as 
of production, is an integral part of ^ver!* 1 * 1 ? 1 i nk * d to th * relationships 
reconstructing an extinct production system * s rategy of research aimed at 
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VIDALE; OUTLINE OF A STRATEGY 



fig, i 

A; Tape Diikes, suffice. 
Possible pyrometric conn. 

B: Tape Rud-i Biytbin t. Shard 
with incised sign and 
superimposed colour splash, 

C: Tape ftud-i Biyiban 1. 
Fragmentary kidney-shaped 
pottery smoother with incised 
signs. 

D: Tape Rud-i Biyaban 2. 
Fragment of rim of truncated 
cone-shaped mould with signs 
incised on both internal and 
external surfaces. 



Fig. t 

Sahr-i Sokhta, Periods I (top left) and n 
Fainted signs on the bottom of 
pear-shaped beakers. 
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VIOALEt OUTLINE OF A STRATEGY 



Sharir-i Soktitt, P.rio- It- °\ 

pear-shaped beakers bearing eye-type “A"’r J 
and D ware made by pressing finger tip 
coated with paint onto pot: cf. 19- 



Fig.l 

hohenjo-Daro. Eye-type *ign on 
small painted jar. By courtesy 
of British Museum. 




Fig .5 

Tape Rud-i Biyaban 2. Shards 
with incised signs. 


Fig.6 

Tape Rud-i Biyaban 1. 
Kidney-shaped pottery smoother 
with incised signs. 
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VIDALE; OUTLINE OF A STRATEGY 



FiS- 7 

T.p* Rud-i 2, FngpMntiry 

truncated c^t-thipH mould with 
pc M J b 1# ioicriptioni of Froto-ELa- 
*itf typ* on txUrnil lurfac** 



Fig. e 

Geometrical ai 3 n, IneUed on intarml , UT f«* „f Muld , 


1 r*j T T 1 T PC 


HCb 

DEFINITION --1 

PRODUCTICW CYCLE 

PROCESSES 

OPERWICWS 

PHASES 

Sequ«=, *lr* <™ or *„ r( „ „ tolala 

awraswlthu. th. cycle by (3* use of differed teanotarical 

'S&cpjctfic^^i within the oyor-^sses tj-i ir 4 i n ^ .. 

“ sufficient and negatory fOT ““ 

«d technologienl'h^ag^i^tt ^ * hl e* dajrw of chrasoiogicdl 

or hand position^ ' inuity arwi the use of the same Inclement 

Gestural unit. within th. fts.a.s m fur*^ 

T»b.1 --1 


ji : - 


J 

pfl 

IfetfirrtinatijQti of physical 
dUnnsioiH 

POSED FUMCTIGtf5 

ftacca^-fceepii^ of 
nuriErical entities of 

1 fractions Of the flow 

Q^itrol on the integrity 
of pr*-*t*teri frtozticns 

Of the flow 

RELATIONAL D ETEim INAKTS 

< VI 

3 Ft 

II 

|i 

Tp Heights 

2. itaol* for linear 
neasurecisit 

1, TddIi for usifscratiire 
neasuralent 

1. Cajnt^jrfl 

1 2, Tally dish* 

*' Clay sealings <*) pegs 

2. Clay Mai Inga on 

packages 

1- Seila 

2. rtailda with * dealing parks" 
t*i the internal «irf*ae 

•J ft 

K < 

4*2 [> 

si, 

"1 

T»h: 

i 



i, 1 Harks on timi * 

1^.2 Writing on tools 

2 f i terke cTi prodjcts 

2.2 Halting [ji p^rtAif^p 

2 + 3 Sealing* on products 

2.4 Painted drawings m piodpcte 
2-S Darke on ptCjirta 





























































JAN PlEPEfl 

LEHfiSTUHL FUR 5 T ADT BEREICH SPLANUNG UNO WERKLEHRE 
RUTH AACHEN 


FESTIVALS AS A MATTER OF COURSE IN THE PUBLIC LIFE OF TRADITIONAL INDIA 

" £XS*£ E STADTFESTEW 1M OFFENTLICHEN LEBEN OES TRADIflONCLLEN IND1EN 


JUST AS NAMELY, 0 0AHUNA, A SLUE. RED OH WHITE 
LOTUS FLOWER - SPRUNG UP FflDM THE SWAMP. GROWN UP 
IN BRACKISH WATER - RISES ABOVE THE SURFACE OF THE 
WATER AMO STANtJS THERE UNTOUCHED BY WETNESS, JUST 
SO. 0 SAHUNA, DOES THE ACCOMPLISHED TARRY WITH 
ABSOLUTE PEACE OF MIND. 

(Anguttara - Nikaya.X.Bi} 

ZVSAMHENFASSlAtG . . ctiri * 

rm Gegensatz 2ur eurapaischen Kultur sind 
feste in Indian noch immer Pin* selbstverstand- 
liche gesellscha ftliche Prams. Der Autor dokumen- 
Uert dies am Beispiel *** sudindisehen 

Stadt Srixangam; da! dortige Hauptfest das 6ROBE 
NAGENF EST“IRATHA YATRA), das «ine mogliehe V*ri 
ation der alle awf .in«i •rund.ch.j- b.*x.r«dw 
Feste tiarstellt, Z§i9t< daJ auf der asis 
lijion fiicht uur en, e « 

Stadtfesten und *Ut»9 

a., Rolla do. diM.ln.n Odd d- ""“•“'T *""l 

h,n. sond.ru dad aucd aina ausgecrag a 
zwischen den Festen und Stadtriumen exis 

_ , o -ihicti depicts the religious genius' position in the con- 

Ihia picture of * ucW "*' at , he !lm , time the key to understanding the 

form St Indian s.ci.t pr.»i-.» ;t C|>uu „. 

extreme contrasts of me "fin 

untouchahility- food taboos, conventionalism, extreme 
While the caste ****■»■ entou ^ th# proV , rbiil mat erial needs of the people 

fears of pollution and _ ^ d aily ratine of Indian civilization a 

constitute the sufficentiy Uvt llfe rises at K, V e this daily variety round 

hardly imaginable richne thii misanthropic swamp, sprung up from it. being 

- as if it were the lotus _ sorv ive from it but different from it m 

firmly rooted in aft * ftd only * OL 

its very nature. hist orieal burden this society had to take on from its 

In spite of the enormous Bura <, ns it to the utmost, this society has kept a 

long history and « hlC " e,if-repr*senUtion and colourful aestheticizing of 
naive loy for d „, lop . d „ a matter of course the pLayful dealing 

everyday life ** w,u h trie se nses can get hold of and which our civilization 
with all phenonem* Whic Q , lfM9in »Uon only Knows as a memory or no<til- 

turned colourless through 
gia. 

, . development need not be discussed here, the fact however is 

The reason for this «« . Wlt hin the context of this paper - an idea of the 

remarkable enough to a C an have under favourable social conditions, 

possible meanings an “ r ct)meS fr0ffl tfte temple town of Srirangam 110.51 N; Tft.n 
The submitted which can be seen as a typical example of the urban 

El in the South ttfl ii-ipilKing area? here, however, the relation between urban 

culture of the a ™ _ e distinctively marked thin elsewhere, 
area and festival* are moi 
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PIEPER FESTIVALS AS A NATTER OF COURSE 


He h*ve to confine ourselves to describing only the festival of the ’Greet 
Chariot (Rathe Tatra) which marks the highlight in the calender of festive 
events. * * 

The documentation was planned in such a way as to explain first of all now the 
whole culture! context has to be constituted if festivals are to be ■ natural 
social practice- 

iT.lVJt 11 U *i? 9 !I lT<m Indi4 we COu:Ld l00k through European 

thi Helin? r 1 *Scftembartslauf* of Nuremberg, the festivals of 

IwtTic ofIIJiL 1 ' Tri ; nfi *‘ the miritime urbafl ritual ‘ ^ the 

Republic of Venice, all these are urban festivals which might have expressed a 

South*India* 00 * ** " d0cume ' lt * d •«» *>y the ’Rathe Y,tra,’ of 

- r 

f=wr jrwrrjr. as ;r,ar - r » % " r 

Otherwise only g«e 3S ftom history. 1 us * hich ** COul<S 

are important. ^b^emus" therthw*tJrclMi , c ™J a tiM # b\ 0# th * dDCumeftt,tioft - 
everyday urban life, the whole courle^f the o™ b#tW# ™ '«««*> >" d 
traits of urban architectural structures the role of 4 Jh* ^ - h " cr, » rtcte * i * Uc 

i- -ort, th. close r. 1 .uL.esp .f .U e.u: i rii , t o U : 1 ‘I ‘I” 

unity formed out of dream and reality thus a unit« lth an absolute 

'desire for festivals'. r “^ty-thu, a unity which also long, again for a 

The Rathe Yatras are the most spectacular events in en. 

events. On the last day but one of the festivals thousand! ^ °! festlwe 

town to pull together with the townspeople a huge m^U storl T? P ° Ur int ° 
through the streets of the town : the festivals !re nam^dm^hl^ 

lif.? mTi0t fOStlWalS ^ "** events in the rhythm of urban 

s^ t 5Lrs. , u;“ t: »"r, *“£;*■ ■* a — «. 

the month whon the f.»tiv.l t.k., pi, c .. spil . , "“»>» «* 

variations of the events the festivals follow a simp ill'll 1 ' 

merely modified even for the chariot festivals * & PlifT * hlch is 

A tempi# in South India has always two idols. One in rt i * 

sculpture made from stone which is fixed permanent -i 18 a hip 

a small figurine cast out of five metals in mn 5t * l ° ^ cella - th ® othftr is 

of the mam figure or in a shrine in the'latter s i^editJ IS Pl * C6d in th * b “ S 

holidays. however, it is taken out. decorated aU 

W^J^nr.^Imirrjheme^ 010 riCh,1ei$ ° f display, itself in the 

To begin with we can divide the festivals into two ar ,,..„c 

course of action, in festivals which consist mainly of the!^ 01 ^^ t0 th * ±T 
mystery plays. m a aic actions,dances etc. - that i, of thaatriCil Performances, 
character in front of the mass of people an in festive?!^ 

made up of circumambulation., processions and pageant! thm l! P “ mirii! ' 
more active participation on th. pm o, p.pp 1 " ,, • tM * "**"■ ' f «“«• • 

E».ry ho, it. own ..... S . m . , r . , 01 . ly confJnM t0 , h , teUll 
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Z'U:;.=s r3SJiSiKrsrs»‘Sir'* , :.r 

trar^ja-sfrjansns:.™!; 

SS^SsSSiMSriasni - 

twelve men to carry it. 

« t „. Hu... .* ti»« «in t». ...n; 

: tizwz: mr:™*. -»- —«— the 

tank at night by using long punt poles. 

mu. urt .n »..!«»«» "-?in d :rf. n ? h :”»ur- n 

1, from :: VZTZ ...« p>.< .* «■? *««*•• 

the mess of p.opl.itisoth.r (M pr0 c.nion« of the CsthoUo wotia 

Here ». h.eo e >t J wpt to ores.ht the sshoto.ry to the oeoplo. 

which also developed from the a p d Because the Indian conception of 

H.th this, however, the .halo,, ■=”«%“ ■"“^"‘w r.fr.in from usin 3 the 
religion differs so groetly from Thi , i( tru . , t0 vo all for two tatogorief 

same term for something so di _ ‘ festivals being such an essential 

which can be seen as mam f tleir religious contents, 

component of the townspeople s life in spi 

. th hatween sacred and secular spheres, consequently, 
Hinduism does not dl8ti " 9U ** Djra ted from the real world but constitutes its ih- 
the sacrerd sphere is not **J _ ti lt ar8 not a glorification of supernatu- 

trinsic nature. Therefore urb ^ eupKor i c avowal of urban society. Linked 

ral forces from another rituals never express a solemn keynote but 

with this is also the fact that ur “" livina . 

are always the expression of common } y 

ie illustrate now intrinsically the festivals form part of 
These technical details illustrate no 

the character of the town. , d as for example Ritha Handapam, Ghats 

Special types of building* «e developed fB(Uval #re „ are planned 

and chariot sheds to make ^ yp accorain3ly , *s the tank in the West 

inside and outside of 1 th# EaSt , even the physical structuremd 

and tho Singha Perumal kovii i functionality conform requirements of 

construction of the town and with 

the festivals. four corners of the square streets show the 

Especially the tow tW(fen th * festivals and the town s architectural 

exceptionally close lm _ alm0S t every town in South India and they give a 

structure. They can be J^Uts which are usually regarded as 

clue how essential these ^ overall picture: in fact they are so essential 

peripheral subject bel ° 9 ionS arfl th* key for the understanding of erehi- 

that the courses of the pr _ ^ thit C8ntr>1 qualities as route configu- 

tecture and urban space, s Orlo ntation and value of buildings are subordinated 
ration. Iiouaing d*ve opm ^ ^ f*»tiwalt. 

to the technical neces«««_ * of festivals in the life of towns in 

And this applies generally 
southern India. 

. - , chariot festivals proved one thing it is the fact that 

if the documentation of c 6 customs of a minor sphere of tradition but 

w. not «,UH9 with ! put>llc Uft . 

with a crucial « vent 0 . nd lrt tends to show in detail how the general traits 
(The documentation at tne eno 
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PIEPER: FESTIVALS AS A MATTER OF COURSE 


of festivals in South India vary and are organized. It 
senes which illustrate different aspects of the festivals: 
A* Spatial structure of town; 

0i Paraphernalia and choreography of the pageants; 

C a Technical details of the festivals.3 


is arranged in four 
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PJEPES: FESTIVALS AS A NATTER OF COURSE 



fit. 1 

Sr 1 ringam on a 19th eantury *teKing* Wi.a 

th* North-South-**!a. 


froa th# South ov*r th* ro- of Goport** ( 9 »ta to«ara 



J 


at 


f‘*-2 aMi . ti , f ir von coricontrte ring M U>. -f «» 

Hap Of Sri rang a*. Th* t°*" ' au * r t#r*. tha lunar four our round Biganathi*'0 U^lw a*th it# 

outfida aurround th* root * n 1 fa . Appro*i*at*ly 25,000 po&pl« li** Th * 

ahrino, pit lor hallo. ' f „ ordl „ t * th. North-South oxi* connoct. tb. 

to.n ia dlvidod by •" ori.nlat. * ^ both |rR| ftf th . fiy . r *hieh .urround th. i.l* of 


Ohm to thank t.rroc*. *•' *^“””'th*rn a*i. U-d to t« »thor diatrict. of 

Sr I ranga*, tha «» t * rn 1 . lh . floating footlvili i« lho Moat and to th* 

l»QrtMr>c* If* towf^K to it * c mm *_ 


rituil 

crt«4txan ground 


Iftportmc* 

and burying plmco of th* 1“' 


too in th# Eaot. 
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Thf basic symmetry according to which the plan 
of Srtrangam is organized. 

1 + Th* ftyfiwwtry of thf gatf tower a, ring walls 
and thf hierarchic district* turrounded by the# 
built up on thf orientated system of coordinate 
axes. A-9: Haganatha Swamt Handapam and Singhs 
Ferumal KeviI, thf most important rituil struc¬ 
ture* near thf town. 

2 - I|n| * syttfm of the Brahairn 4 funeral ways 
corr#sponding to th# symmetry Of th# Coordinate 

axes. 


1< The social topography in folding symmetry to 
th# NE^J-diagonal. The Brahmins 4 residential 
quarter* are hitched, not shaded are those Of 
thf agricultural labourer* in th* NE as well as 
those of the craftsmen in th# $W. 

4, The nngstreeta (dotted line! in folding 
symmetry a# well to the WE-SW-diagona1. 

5 + The Ifon-Brahmini/ funeral routes in folding 
symmetry to the Ntt^SE-diagon#]. In th# SE th# 

1ychgatf which is Used only for this purpose. 






Fig + 4 

Standard arrangement of I procession 
1 * Temple elephant 
?f Tortm (barrier) 

3* Drummer 

4. Parasols with frills and silver-mounted shaft# 

5. Ulnrf-pUyur. INisiinrit, an initruwit ol*t*d to th t cbool 

6. Guardians with silver-mounted club# 

?r Pallet (Vahan*m! h on which the idol is carried 
B. Torches in tb# form of a ab*ll Cemblem of Vishnu 1 

9. Torches in the for# of a wheel !emblem of Vishnu! 

10. Oil carrier# with a bucket of Ghee used as fuel for the torches 

12. Canopy 

13. Braas parasol k Symbol of royalty 

14. Brahmins, reciting the Vedas 
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Ft 8 5 

Kudl r a 1 -Vahanii*; ln*t#*d of a P»l^ 
]*t the idol *ay travel «i w#U on 
ft nuubtr further c*rri*ra r m 
for tMiApl* on t?» “Golden Hot** 
to can be *e*n ibovt or on other 
■ythUa! pimta and tnlaaU* 


Fii.fi 

Each day of a featival in Sri rang** 
haa its cli»*a in n na aingle or 
itvinl procHiiant at nhifh * a* 

■ hewn Wforc - not only different 
Hblfii are carried aroondt byt at 
Which different part* of th* town 
are circueiiiwbulated. te*F ** well 
aa different deati nation* are viai- 
ttd every tiw* 

Son# featlvftl*i *■ the featival in 
th* month of Phingunl - iheen in 
th* afcttch - con* lata of pro- 
cevaiona which Uat iev#r*l dayi 
and alto include the whole of 
town 1 * hinterland llUttrt). both *■ 
proceaaLon* with a certain de*ti~ 
nation on the 2nd and 3rd d*y *nd 

al*o it circuiaaohuUtion* of th* 

1ale on the l*t and 4th day. 
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Fig + 7 

Diagrammatic f#pr*atnt*tlpn of *J J 
W 4 V H *r# circu*j*bugat#d 

tvary yaar within tb# town and 

it* prowlMtt approach**. On 
tbla Kcaatom th* lywtrUi - «■ 
•kttcNd in fig. 3 - gi van with th# 
Ppati*l atryctur* of th* tm art 
takan and playfully modif ltd both 
th# imtdiaitly physically ptrctp- 
tlbla* - a* th* aMgnaant of th# 
fat* towara and th* erlantatlon and 
quadri-partition connartarf with it 
*Fid th# spatial patullaritlaa not 
diractiy vlaibla of th# urban 
architactural itructur* a* for **- 
aa'pl* th# ioc ial topography th# 
praacribad fun#ral way* and th* 
9lt#i Ntual taboo* impoaad 

an, d1r*c 1 1 ona and atraata. 

So par Jodie ally th# f**UviU bring 
■bout th* raal 

and imaginary conntctiona of urban 
apat* K aocrial ay*t#«> coneapt* of 
W*iu** and erdtr thua uking th** 
phyale*]]y p*rc*ptlbl». 


Fig.6 

TK * proc***ion of th* t*aplo chariot 
«fo*a not rflffor In princlpi* fro* thoa* 
of th* othor (Htivilo; th* alophant 
C#B * 1 firol, thon followo th* tom, 
th* mlclini, guard tan* otc. Kara, 
howavor. th* v«hicl* of th* idol la * 
hyga woBd.n taaipla and thi. fncrilH of 
•Cbl* bring* forth * itrcnjtr parti¬ 
cipation of tho mib of pnplt, * fact 
which can ba o**n a* on* r*a*on thot 
th# thra* Mot important faatlvala 
c*l*brat* thair dlui with thi* ipai:- 
tacullr procatlion. Th* con*truetion of 

th* chariot ropr#**nt* th# tampl# 
towaro' architectural fora* and thair 
fntrlnoic nooning■ tho* dlac taking ito 
function •> th* idol’* aobil# dualling. 
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F ‘fl- 9 ^ ,, fr „ tiBlb , r »„d it. rouflh for** du. to it* contraction oak. it 

lh* ttnpl* ehtrjal i* ** wllv t Lh ^ atmamny of dwiffil tn l»pr***ion flt * 

•*♦* fflf S**" 1 * “ hlc * h *"“ fe*tiv*l* and -Mch furt^r-or* earri** off tha r.*l 

g.n.rally into th. pl*Y^ . tS# ug# of ***, .rchotyp. fro* th. r.al. of f*bl... 

•v.nt* to th* .dgo of go,>d,r * u wbo hold th. ht.vy to-rep.- eh..k by Jo-1. “ 

Th* chariot im dra.n by appro*. ln nwtf hl ‘ caat.a and .obca.to* -ho*, r.lition* *r* 

-**-nt th* ••grogatlon -"<* di*i* ,, {ejl¥fll i WMl and -hleh .ork. *o .ffici.ntly in Indian 
*.tU.d oor* by taboo. th*« * ,0 ^ ftf th# f„ti«l and urban aoci.ty c.l.br.t** n 

•varyday Iff* ara *u*p.nd*d for tn. 
a* * hoaw 9 . 1 n.oua -hoi*- 


ian 

itaaif 
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Flj.11 

?h* chariot of Srinngut weight 
appro*. 12 to 15 ton*. Am friction 
loaov* art very high with this alm- 
pi* chuiii th* ta^npaop]* ' i 
pul l ing-fore# doe# not Suffix# to 
g#t it moving. Therefore long 
Uv#ro art ipplied behind th* 
wh«#lo which or# a#t in motion by 
body weight and tow #o that a ihort 
impulse u given to th* chariot it 
a kind of 1 take-off 1 # 

Tho coordination of th# maei of 
PtapL# who iiovf th# chariot i« not 
don# by order# hut by music* For 
thi« purpose ■ drum la fi*#d under 
th# end of th* chariot on which a 
it*idy rhythm 1# beaten mi long aa 
tha procession iavti. Jn ca#* th# 
chariot threatens to atop th# drum¬ 
mer tri*i to ancourag* th* crowd'by 
fa#t#r roll# Of th# drum. If th#r# 
i# n#v#rth#l#ti a atop b* atop# 
beating th# dnm and th# Nig*tvsrut 
piay*r Inots In fig.4 and fig.tO) 
mho ait# high on th# chariot at th# 
Rath# Tatra blows a rising malady 
at which th# lever* ar# applied- 
Th#y ar# mavad with th* first roll 
of th# drum th# chariot gal* an im- 
pula* and at th# *mm# tin# th# 
crowd atari# pulling. 

Fig.10 

For th# duration of midday h#at th* 
tovrop#* mi-# put dawn and people 
r#tir* into their house■. Aged and 
aiHng pcopl# and children who ar# 
lbi * to partak* actively in th# 
procaaaion uct th# opportunity to 
touch th# tawrqp## thu* participa¬ 
ting symbolically. 

Th* chariot# ar* purposely can- 
#trU e t*d for th# day of th* f*«ti- 
val th#y ar# needed: th# wheel# ar# 
overhauled, ntt#d with new iron 
hoop# and pushed on th# ImIii, and 
th# mulU^ator#y#d iup par ting 
framework for the t#w*r-con- 
atruction a frm* out of prefabri- 
catad # I #m#nt# im flrt th# rlchly 

carved and firmly timbered tha#*!#; 
i proctti «# etrenuou# a# th# con- 
etruction of * half-timber houae. 
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Fig.12 

Turning the chariot *round th* cor- 
mf present* special technical pro- 
bltit. To poll the chariot up f*r 
ough and to leave enough space 
for th* towrope* small blind P* a " 
sagee run straightway towards the 
wall at the four corner* (comp, 
detail in fig-121* The chariot 
having reached the corner the tow- 
rope* are ahlfted fro* the passages 
to the street and they can pull 
into the new direction. 

Th. *te.ring of th. chariot it «*■*• 
potaibl. by gr.aay chock. *hich 
hr Id In front of th. P art pf 

lh. «ho.U iFig.l3> *0 that th. 

■Oft.ter chang.0 it. direction inch 
by inch. 


Fig-It 

After th. *nd of th. f.otiwol th. 
chariot* or. dto~ntl.d ."<* 
k,d- und.r .hotter* pUltod fco« 
pil.lttvfti wh.ro th.y »t*y l * 
th. n.wt R.tha T.tr.- On th- 1*« 

Hath. Hand op*, b * , 

vt11 on which o.r-o. Ur tl " rltU>1 
* loading' and bo-rdteS *** 

chariot at th* b.ginmt^ ,nd * 

.nd of th. f.otivol* 
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ERICH HEKTUfl 

gegoatisches institut 

RWtH AACHEN 

mrOGRAHHETRIE UND ARCHADLOGIE 

PHOtOGRAHHETRY AND ARCHAEOLOGY 


SUNMAAV: 

Photogrammetry is a measuring method especially 
appropriate for archaeological purposes because it 
has a great number of advantages compared with 
conventional methods. 

The author discusses practical problems with 
regard to special possibilities of 1 picture taking 
and picture evaluation made possible oy 
photogrammetry, These possibilities are explained 
with the help of some examples* 


Heine verehrten Oamen und H * r ” n ‘ fiel mir ei „ kieines Bandchen in dae 

her der Vorbereitung dieses vort_ ■ hwd#Ut „ der U tel, herausgegeben 

Hande. das vom ^ ^ n La nd*smu*eum in ionn im Auftrago d« Land- 

in der 2. Auflags 1962 vom RhjinAScP van mein em Vorradner. Kerrn Dr. 

schaftsverbandes MmUnd- ^ n im wird hier d a5 LuftbilO genutzt. um, 

Irwin Scollar. “J* d " J *!_ #n d ^ r vergangonheit im rhemiathen Boden* aufzu- 
wie der untertitel sag » g ezeigt t auf Grand mehrjahriger Erfahrung. 

finden. Sehr verdienstvoll wir6 J s VC rbund«n Und. Wir sehen 

- ■“”* Beaeutun9 

1 st. 

ontiiche Arbeit des Archaologen mit der Dokumentation der 
Hun beginnt ga die il4?r wei t«en Arbeiton. namlich der [nt*rpr*ta- 

BodenaLter turner. die ^rundlage muB Jed(> Dokume nt*tion beinhaltet aber 

tion und W1S sense ha ftlichen ^ 9^ ^ 3 Oimensi0fien . w obei in SonderfUlen 

erne Kegj. 5 tr ier ung ausreichend se *n kann. 

erne Dokumentation tn 2 Dimensx ,* Regel durch eine Vermessung <3er Zu 

Oiese Ookumentation geschieht m 

tegistnerenden Emzelheite". ihrB 2eit braucht, besonders dan ft, wenn 

Nun ist bekannt. da& eine §$i ; n llt- Zudefn mussen diese Vermessungen 

eine Fulle von Einzelheiten z _ dgrchgefuhrt werden, well BiumaSnahmen Oder 

haufig unter erheblicbem Ze _ z e itaufsehub dulden. Hier und genau hier 

andera kunstlUhe Eingriffe _ Hind die Do kumentation sehr schreii auszu- 

haben die Geodaten ei n Mltt * 
fuhren. namlich die Photogramme trie. 

etph enden Zeit mochte ich nun einen kurzen Ahrift Liber 
In der mir zur Verfugung 4t . . chkeiten der Photogrammetrie zur Qokumefltation 

die Grundlagen und Einsa 

srchaologischer Ge0*nitande wLe die zu archivierenden Objekte selbst 

Nir wollen zunachst ^, ckma eis*rweise nach folgenden Gesichtspunkten 

aussehen kbnnen. Wir teiJen s 


ein: 

1 . Ebene Gebilde: 

1.1 horizontal gelagert 
t.2 vertikal geiagert 

2. Raumliche Gebilde; erhieden U.6. Hauerreste von Grundmauern) 

2.1 mit geringen Hahenun ^ r t _ hiede „ \ Z .B. Gebaude in Stockwerkshohe) 

2.2 mit groGeren HdhenunterAchieo 

2-3 mit Innenraumen 
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wenn eine Z.Aufnahme von einem benachbarten Standpunkt aus angefertigt wird. 

Nun wird in der Photogrammetne vom sogenannten stereoskopischan Sahen und 
Mesaan Gebrauch gemacht. Bekanntlich vermag der Hensch nut seinem Gahirn dia 
baidan voneinander verschieden aussehenden Biider auf den Netzhauten seiner t>ei- 
dan Augen zu einem einzigen Bild, einem raumlichen Bild zu verschmelzen. Dieses 
naturiiche raumliche Sahen wird in der Photogrammetne kunstlich in der Form 
herbeigefunrt. daB man Aufnahmen von 2 verschiedenen St andpunkten den baiden 
Augen getrenrtt zufuhrt. daB also das linke Auge nur das vom linker Standpunkt 
und das rechte Auge nur das vom rechten Standpunkt gefartigte Bild sieht 
Wann bestirwnte Bedmgungen, auf die ich hier nicht eingehen moehte, aingohaltan 
sind, erhalt der Betrachter wiadex einen raumlichen Eindrgck. Wir sagen, es ent- 
staht am ragmliches verklemertas Model! des abgebildeten Raumes. Bringt man 
nun in ]edem Bild noth eine bewegliche Marke unter, so warden aucb diesa baiden 
get rennten Marker zu einer ainzigen Raummarke varamigt, die man durch geeignete 
Einrichtungen manuell beliebig bewegen kann. Warden dies® Einrichtungen noeh mit 
emam Zeichenstift und/odar mit Zahlwerken und/odar mit elektronischen 
flagistnareinheitan versehen, ist eine maatechnische Erfassung des stereosko- 
pisch erzeugten Raummodells moglich. Soweit in aller Kurze das stereoskopische 
MeBverfanren. K 


Kommen wir nun zu den eingangs erwahnten raumlichen Gebilden und zu dan 
verfahren, die sich in aller Regel zur Qokumentation eignen. 

Raumliche GebUde mit genngen Hohenunterschieden lessen sich aventuall durch 
Embilamessung. also im Entzerrungs ver fahren dokumantieren, Hiarbei mufl 
mindestens eine Aufnahme von einen. erhohten Standpunkt, also einem Steiger Oder 
einem Ballon, gefertigt warden, also mit vertikaler Aufnahmaachse. Als Ergebms 
erhalt man einen entzarrten Bxldplan. Das Verfahren unterscheidet sich also 
nicht von dam fur die Dokumentation ernes horizontal gelagerten ebenen Gebildes. 

^ d ° Ch di@ Hohenunterschiede groBer sind, lst das stereoskopische 
MeBverfahren anzuwenden. Je nach ortlicher Gegebanheit kann sowohl die terres- 
trische als auch die Luftbild-Photogrammetrie angewandt Berdan. Beide Verfahren 
haben ihre Vor- und Nacbteile, Moistens wird as so sein. daB beide Verfahren 

tlnTrlT' ^;L a H^r er ' den S i Ch da ma " mit Luftbildaufnahmen eine 

Gtundna- und Hohenauswertung erhalt, wihrand sich die terrestrische Photo- 

grammetne zur Erganzung nicht erfaBter soganannter toter Raume und zur Auswar- 
tung von Fassaden Oder vertikal verlaufender Objekte anbiatet. 

die Anwendljn « des stereoskopischen Meflvarfahrens ist, daB 
BUder sich in einem bestimmten Bereich uberdacken. Bei Luftbildaufoahmen 
sollten mindestens 6 DZ das einen BUdes auch im anderen erfaat sein bei term- 
stnschen MaBbildarn werden as auf Grund der besondaren Verhaltnisse stats mehr 

SGl.fi, 

Bei der Auswahl dar Verfahren spielt naturlich dm Grofla der gewunschtan Ge- 
nauigkext eine Rolla. Wahrand Pei Luftbiidaufnmhmen der GrundnB sa^r gen.u 
erhalten wird, die Hohe dagegen die kritische Kcmponante darstellt, ist dies bei 
den terrastruchen Aufnahmen umgekahrt. Es is t wichtig zu wissen daB die 

i d, :. Lw rv 6 : ouidr,t der ««» ^11.0,1 1^, 

wahrend die Genauigkeit der Hohenbastimmung nur proportional der Entfarnung 
abnimmt und genauer als die GrundriBsituation ist. Es la&t sich naturlich -ieda 
9ef0raert. .rr.ic».n, 00c h sinnv.U , s . *o 

erboiten, wie es die Aufgabe verlangt. Hier sind stats vorbereitende Gesprache 

no tig, 


In meinar Einteiiung der Ob^ekte haba ich a uC h Innenraume angefuhrt. OaB hier 
nur die terrestrische Photogrammetria aozuwenden ist. liegt auf der Hand. GrdBe 
und Gestalt das Iimenr.ume* fordarn aventuall unterschiedlicha Aufnahmemord- 
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nungen* die letiten Endes sttts diktiert warden von den ortlichen Gegebenbeiten s 
In slier Regel wird hier der GrundriS zweckmaGlg mit den normalen VermeMungsme~ 
thoden aufgeme a sen , wihrend die Wande und Decken mit ihren Strucfcturen je nach 
der Tiefenerstreckung (Nischen, raumliche Gliederung) entweder im Einbild- Oder 
im Zweibildverfahren aufaunehmen sind. 6ei gewolbten Manden und Decken bietet 
^ich, wie scnon erwahnt, das Orthophotoverfahren an. 

Schlie&iich mdchte ich noth darauf hinweisen, daB fur die Aufnahme von 
ter re st rise hen s tereos kopischen MeGbildern die soganannten DoppelmeBkammern 
besonders geeignet sind, weil sie im Gegensati zu dem allgemeinen Fall der 
Stereophotogrammetrie f bei dem an die gegenseitige Lags der beiden MeSkammern 
keine Gedingurtg gestellt wird, mit parallelen Aufnahmeachsen mit fester Basis 
arbeiten und da rum auch einfachere Auswertegerate bemitzt warden kdnnen. 

Summary translated by C.Huller-Waldeck 
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1HWIN SCQLL4B 
flKEINISCHES LANOfcSNlJSEUH 
BONN 

DIGITAL IMAGE PROCESSING AMD ARCHAEOLOGICAL AIR PHOTOGRAPHY 

DIGITALE BRDVEBARBEITUNG ARC H AOLOG I SC HE ft HJFTBlLDALtF NAHhEN 


ZUSAMMENFASSUNG 

Seit uber 60 Jahren werden Luftbilder von im Boden 
befindlichen archiologischen Fundstellen mit 
handgehaltenen Kameras und gewohnlichan 
Schwarz/Weifl- Oder Farbfilmen aufgenommen, Oiese 
Fotos warden aus dem Fensttr von einfachen 
Sportflugreugen gemacht. Oie inzwischen 
vorhandenen uber t Mill. Aufnahmen in diversen 
lindern Nordeuropas bilden eine wertvolle 
Irginzung der archaologischen Kenntnisse in diesen 
Gebxeten. Die unter der Erdoberflache befindlichen 
Rests erscheinen iuf den Fotos sli Verfarbungen 
von Bewochs oder Boden, Aufnahmen, die liber viele 
Jahre hinweg wiederholt gemacht werden, i$i9# n die 
verschiedensten Einzelheiten in Abhiing igkeit von 
Bewuths und jeweiliger witterung. Nor sine 
geometrisen komgierte Aufnahme, die die 
Ergebnisse der Uberfliegungen vieler Jahre 
zusammenfaSt, kann die Emzelheiten in einer 
historisch auswertbaren Gesamtheit 
zusammenstellen. Die nur schwich auf diesen Fotos 
erkennbaren spuren mussen in vielen Fallen 
verstarkt warden. Das ist mtt Hilfe von neuen 
Computertechniken mpglich. die int Rheinischen 
Landesmiiseum Bonn entwickelt wurden, AuEkerdem ist 
eine neue Teelmik der archaologischen Prospektion 
dutch die ftaurnforschung mogltch gemacht worden. 
Die klainsten Temperaturunterschiede an der 
Bodanoberflache, die durch dia unterschiedliche 
Feucntigkeit und Wirmeleitfahigkeit der im Boden 
befindlichen archaologischan Reste entstehen, 
kdnnen kartiert und nit Hilfe des Computers 
ausgewertet warden. 


Since 1921 systematic oblique aerial photography has lad to the discovery of 
tens of thousands of previously unknown archaeological sites in Northern Europe. 
From I960 to date flights have been made in the Rheinland by the author and his 
collaborators, resulting in an archive which now contains over 90.000 pictures. 
The vast manonty of sites were visible only once for a very short period of 
time as faint changes of colour in growing crops. A few were visible as 
discolouraticns of soils with different moisture contents in bare fields. 

The pictures had to be made at extreme oblique angles to maximize contrast- Host 
such features c»n never be seen in conventional vertical mapping photos. 

The air photo archive of the Landesmuseum forms an essential part of the 
documentalion related to the protection of field monuments in the Rheinland* The 
most economical form of protection is to prevent construction or earth moving on 
a site, but this must be done during the earliest planning phase if claims or 
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compensation ire to be avoided. The air photos must be placed before the 
authorities with unmistakable clarity and in a form compatible with the base 
maps 1:5,000 used for most planning purposes. 

The pictures were taken with hand held cameras of every imaginable type and 
format from arbitrary positions over various kinds of terrain, both flat and 
hilly. Since the sites were seen but once, never to appear again, one must work 
with the pictures available. Two general kinds of operations are needed before 
they can be used for site protection purposes. First p imago defects must be 
removed and the archaeological features so enhanced that they can be seen by 
laymen + Second, a geometrically modified image at the scale of the base map must 
be supplied. Conventional photogrammetric techniques could be employed for the 
second operation, but not for the first. The necessity for enhancement of 
picture quality leads to a choice of digital techniques for the geometric 
correction as well. 

In 1976 the fthemisches i&ndesmuseum Bonn acquired what is up to now the only 
image processing system in an archaeological institution, thanks to the 
generosity of the Stiftung Volkswagenwerk + in the course of the intervening 
years, the system has been enlarged by the museum to keep pace with increasing 
needs* A general configuration plan i$ shown in Fig-1. Four processors and one 
display controller are in the system at present h and an additional processor is 
under construction. A high resolution film scanner and writer provide picture 
input and output. Processing is monitored on a high resolution colour or black 
and white display. Pictures are stored on disk during processing, and frequently 
needed maps are stored in run-length coded form on magnetic tape* The system is 
also used for inventory work at the landesmuseum with up to 13 simultaneous 
users * Large excavations in the field are equipped with portable microprocessor 
controlled terminals and solid state permanent memory for remote data entry via 
nearby telephone lines when the memories are full. Other terminals in the museum 
are used for programming and entry of data either into a field monument data 
bank or into a finds and inventory data bank. The first is a relational data 
base system of modern design, modest storage requirements and reasonable search 
times. The second is a hierarchical data management system with fast access, 
large storage requirements and extensive query facilities. Four programming 
languages are available for optimum use depending on application. 

The systems integration software design and execution of the picture 
processing system was carried out in-house. Special hardware has also been 
developed for a number of picture processing tasks. The operating systems of the 
various machines have been tuned for local requirements, k staff of four, two 
for software and two for hardware is permanently employed. Maintenance is partly 
in-house, partly through commercial service contract. Total annual costs 
including salaries, depreciation, insurance, power, air conditioning etc* is 
roughly half a million marks. The centre also serves archaeological institutions 
in other Bundeslander for air photo and other activities. Work has also been 
routinely carried out for the British, Dutch and French monuments protection 
services. The equipment is at the disposal of any research institution outside 
normal working hours at cost and is intensively used by medical and astronomical 
groups in the Bonn area. 

Some typical results are shown in the accompanying plates* P1.1A shows a 
low-level oblique picture of a neolithic village IBandkeramik} which is visible 
as rows of post holes* There are also some traces of Roman walling on the site* 
The original picture is slightly blurred due to the movement of the aircraft and 
contrast is not high. PI. 18 shows the same image after removal of motion blur 
using an anisotropic linear filtering technique with spatially variant 
characteristic** One of the neolithic houses has been made visible by histogram 
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mapping with 4 shifted mean and higher variance. PI. 2* shows a 
oblique image of a Roman marching camp, probably constructed for a _ 9 
night's stop. n.ZB shows a digital orthophoto obtained directly from the centre 
DA *a usL a simple projective transformation. Interpolation of output 
rlstJr Zg. pout, from to, inpu. r.st.r .as Poo. «ith a Bi-coPu ,PUo. 
aoprovi.ation to , t-o-dimonsional ainu function in order to oreaarv. rh.rpne,,- 
ZTcZll map which provided tn, control point, for tn. tr.n.fnrmation -a, 
superimposed on the pseudo-vertical image * 

Recently we have been experimenting with thermal scanning in th* 0-1* 
band Small differences in heat transfer after an abrupt temperature cnange 
reveal ancient field boundaries and some large scale bur “ d 

features One example, processed on our machine, is shown in Pls.3A and ■ 

U U »; m.: in’the Ur some v.Uay in franco * mNW. « • 

scanner with a resolution of 2 milUradUns was used, with a thermal accuracy o 

05 degree Celsius, flight lines were about lOkm long and 1 km wide giving about 
.05 degree cexsius. » the low f^mg altitude aircraft roll. 

ID million data points per scan, at tne iow ^ xy » nlatform of 

ars: stsa:: isrsssrurwsru - 

doppior radar ground spend were not.d on tn. magnetic tap. in ' "V, 

this 'information, th. distorted image coold 0. corrotM 

using a prodictiv. trading algorithm *« ■“«* 'JSZS' U oy Z, of 

threulT 

residual noise reduction. Total processing ime . carried out with 

tne steps. in 1982 tost flights over th. Cologne Basin mil be cried out with 

tha same equipment. 

i . 11aHnn i- a very useful adjunct for an archaeological 
A Picture processing installation « a „ y ^ Q , th# t€Chniq g ei can also be 

monuments protection service, tn additi , y a -rt infra-red 

applied ,0 ,-rav image, of corroded met.l Pb 9 «t.. ■to 0 trs-vi,a t sod X fr. r 

images of painted nhiects. ind to an, othpr typ^df „ B ,„ ceme „ t ,„g 

0 K» ”« «ttten P it is available for £££."“J * 

-.. --ww «r sHs -z,. z 

simplified programmes are available via software is available on a 

unskilled users with limited requirements. TTl *, ! or “ m ent 

commercial basis for any interested party under a licensing agreement. 
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P1.1A Neolithic village and Roman 
Mailing. Polch (Kr. Mayen), Archive 
Nr.6H/29; freigegeben Reg.Pri*. 

Dus seldorf, Nr.16/47 ft TS1 (16.6.661 



P1.2A Roman marching camp with 
claviculi, Menreien (Kr, Hoersl.Ar¬ 
chive Mr.HF/2i; freigegeben Reg.Praa, 
Duaseldorf, Nr, 16/6/52 (ZG,G.T0) 





Pl.tS After processing for motion 
ijlur reduction, histogram contrast en^ 
hantement 



P1-2B Ortho photo with superimposed 
1:5 p 000 German Base Hap of Centre of 
p l-2A, Digital. Interpolation with bi¬ 
cubic spline approximation to Sine 
function following Simon. 


% 
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.*c™, Inf ri-rod oc.n *•* tK. uPP . r Seln. «iuy- ^ B.U -P^.d Jy * 

*. T»bb*gh. tr» appro*. 1* rooolutlen. Roll. pitch -na 

correction. idkptlv* ototiotieol 


Rxhtrehti on Goophyoiqu*. Gorchy 

With tru* ground opeod correction, ponor 

-- ».H~.n, *11.., 0,..*.l— —1» 

pao> filtering <flauo*Un> for rtolduil nol»o toothing. 
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Fig. 1 


A general configuration plan 
































































































JUflCEN HE ClfES 

iOLLERN-l NST ] TUT BE IN OEUTSCHEH BERGBAU-MUSEUM 
OOftTMUNQ 

DER HEISSLUFTFESSELBALLQN FOR LUFTAUFNAHHEN JM tWEEREICH UNO ERGEBNISSE HIT DEM 
ROLLEI $LX-TEILMESSKAHHER$YSTEH 

THE USE OF THE TETHERED HOT-AIR BALLOON FOR CLOSE-RANGE AERIAL PHOTOGRAPHY AND RESULTS GAINED WITH 
THE ROLLEI SIX PARTIALLY CALIBRATED CAMERA SYSTEM 


SUMMARY 

Experience with the tethered hot-air balloon of 
the German Mining Museum in documenting surface 
cultural monuments has proved it to be a robust, 
relatively easy-to-managg camera vehicle with 
adequate loading capacity for taking close-range 
aerial photographs for stereoscopic analysis. 

The results of the analysis of building facades 
photographed with the Roller SLX partially call* 
brated camera system also demonstrate the prac¬ 
tical possibilities of this photographic system 
which, due in no small part to its technical 
refinements (adaptor lens, automatic exposure and 
film transport), is also suitable for many photo- 
grammetrical operations on the ground. 

EJer Elnsatz von Luftaufnahrnen in der Nahbereichsphotogrammetne scheiterte 
bisher an der vergleichsweisen Klemheit der Objekte und den damit verbundenen 
aufnahmetechmschen Schwierigkeiten» die herkommliche Haflflugzeuge und 
Hubschrauber fur diesen Zweck unwirtschaftlich warden Lassen* einmal abgesehen 
von flugtechnischen Problem*n, die die fur dan Nahbereich geforderten groflen 
BildmaOstabe mit sich bringan. Femlenkbare Modellflugkbrper und Fesselballone 
bieten sich daher als unbemannte Kameratrager fur den Nahbereich an- 
Oie Exnsatztauglichkeit von Mpdellflugzeugen und Nodellhubschraubern wurde 
bewiesen (vgl. Przybilla et al*i wester-Ebbinghaus IS00, Summer et al.l. 

Die kompliziarTe Teqhnologia solcher Gerata kann einen EiAiitz in abgelegenen 
Gebieten problematisch warden lassem Auf der Suthe nach einem robusten, einfach 
z u bedienenden Kameratrager fur die Aufnahme archaologischer Bodandenkmalar 
wurden die Anwendungsmoglichkeiten von Fesselballonen naher untersucht. 
Aerodynamisch, mit Wasserstoff bzw. Helium gefullte Ballon* sind schon 
erfolgreich fur archaologische Zwecke eingesetzt worden Ivgl* Lubowski at al.; 
Whittlesey), 

Da die Beschaffung und Hindhabung geeigneter Fullgase nicht uberall sicher genug 
mdgiich if 1 1 wurde im September 1979 mit der Kdnstruktion eines 
HeiSluftfesselballons begonnen. 

Die 8a11onhu11e besteht aus Synthetikseide und umschlieBt am Volumen von 
ca.ZOom , Oer Ballon ist mit Korb ca.iim hoch und hat einen groBten Durchmesser 
von ca.Tm (vgl. Heckes). 

Die Hulle wird durch zwei Flussigphasenbrennar beheizt, die liber am Ragelventil 
aus ainer 6 KG-Aluminiumflasche versorgt warden. 

Am Einsatzort notwendige Aufrustungsarboiten (Zusammenbau des Korbes, 
Befes tigung der Kameras, Aufbeizeo der Hulle) nehmen etwa 30 Minuten in 
Anspruch r bar Ballon wird dann mit zwei, an gegenuberliegenden Stellen des 
Balionringes befestxgtan Seilen untar Beaehtung der Windnchtung ubar dan 
Aufnahmeort rangiert, Ein Schnurlot gibt dan gewunschten Aufnahmeabstand an* 
Nach einiger Ubung war es durch die regalbare Beheizung der Hulle ainfach, den 
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Ballon in einer oestimmten Hone in Gleichgewicht zu halten. Die Dauer, die fur 
die photographischen Aufnahmen zur Verfugung stent, wird lm wesentlichen von der 
zu befordernden Nutzlast und von der Heizleistung des vefwendeten Gases 
bestimmt. Fur den Einsatz in Oman ergaben sicti Zeiten 2 wischen 30 Minuten und 
einer Stunde pro Ga&fullung, die durch Landungen fur Filmwethsel unterbrochen 
wurden. Durch gerade abgeschlossene umkonstruktlonen des Ballonkorbes und der 
Kameraaufhangungen sowie durch Modif ikationen des Brennersystems werden 
Einsatzzeiten von I -2 St Linden ge Gasfullung angestrebt. 

Als Aufnahmekammer wurde die von Mester-EbbinghiuS M981) entwickelte Rollei 
SLX-TeilmeD kammer eingesetzt. Diese Hammer hat motorischen F ilmtransport und 
cine Belichtunsautomatik (Blendenautomat mit Zei tuorwahl )„ unerlaOlicfte 
Voraussetrung, w«nn Aufnahmen auch bei wechselnden L Lchtverha Itnissen gelingen 
sollan. Schwarz/weia-Rollfilme IZZO) mittlerer Empfindlichkeit, die mit 1/125 
belichtet wurden, haben sich als Aufnahmematena 1 bewahrt. 


Der HeiBluftballon wurde T900 und 19© 1 erfolgreiCh fur die Aufnahme von 
Bodendenkffialern im Rahmen der montanarchao Logl schen Expeditions des Deutschen 
Bergbau-Museums lm Sultanat Oman eingesetzt {vgl. Heckes und Meisgerber 1980 und 
1981 ) 

Neben libersichtsaufnahmen der verschiedensten archaologiachen Befunde konnten 
stereoskop isch auswertbare MeSbilder einer kleinen Burganlage aufgenommen 
werden, die 1980 war und 198T naeh der Ausgrabung photographlert werden konnte. 
Die Abb.2 und l zeigen die Burganlage Haysar 25 vor und nach der Ausgrabung. 


Die Auswertungen warden am Zeiss Pltnicomp C113 des Zollern-Institutes Is. 
LiteritunngJbe 10) durchgefuhrt. liber die erzielten Auswertegenau igkei ten geben 
die beiden Orientierung$protokolle (Tab.1, 2) Auskunft. 

Die ProtokolLe zeigen, dal) mittlere Restabwicklungen von */-2cm erreicht werden 
konnten, Genauigkex ten , die fiir die weiteren Auswertungen I Hohenlinienplane, 
graphische Darsteilung digitaler Geiandemodelle. kartographische Darsfcellung in 
GrundriB und AufriB. Flachen und VolumenangabenJ voXlig ausreicht, 

Bernerkenswert ist noch, daB die angegebenen Punktlagegenau igkeiten ohne 
Be rue ksichtigung von Reseauinformatlonen erzielt werden konnten 


der PaBpunktbestim- 
auch bei der Aufnahme 


Au fgruno der bei der Auswertung von Ballonaufnahmen erzielten geringen 
Koordinatenrestf^hler . die praktisch in der Grp0enordnung 
niungen Xiegen H wurde das Te i Imefflk a miner 5 y 5 tern flcllei SIX 
von Gebaudefassaden eingesetzt. 

lm Rahmen eines Pro^ktes zur Dokumentation der Malakoffturme des Ruhrgebietes 
konnten bisher Aufnahmen von Fassaden der Haiakofftgrme Julius Philipp in Bochum 
und Alte Haase in Sproekhovel ausgewertet werden I Abb.4. 5). 

Die PaApunkte wurden durch raumliche Vorwartsschnitte bestimmt Die dabel 

1 ?t K P “ nk «»fl ef8hl «- Hit tel bei Die Onentierungspro- 

tokolie (Tab.3, 1) zeig fln auch hier, daB mit der fiollei SLX-TeameBka™,er ein 
mittlerer Koordmatenres tfebler von ca. ♦f-tem 
konnte, etn Ergebnis, das fur die 
Gebaudefassaden vollig ausreicht. 


fur Punktmessungen erzielt werden 
kartographiscne Darstellung von 
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S + J.3 Tethered Balloon for Archaeological PhotOA, PhQttigriMfretr 1C Engineering 

3EMi97QI 161-106 

E l Heckea. J* : Photogr amine t rie und Bokunwn t a 11 a n yon Kul tufdenkma I*rn t Oer Anachnitt 2--31 Bochum 

isea» 

7. Neater-Ebhmghau*. Zur Verfahrenientwlcklung in der Nahhereichsphatogrammetr i*. 

[]]tAf rtation I Bonn 1981 I 

e. Neisgerber, 5-3 ... und Kupfer in Oman. Of f jfcnathni tt 2-2 (Bochum 19001 

9. Neiagrrber, G.3 Hehr ala Kupf er in frnan, Oer Anuchni tt 5-6 (Bochum 19813 

10. Oil Zollern-] nati tut beilti Oeutechen 0e r gba u-Hu b e ui vurde fur Grundlagenferacbungen ruf 
Erhaltung von Ku1turdenkmatern irut Hi Me der Stif tung tfolIkswagenw*rfc tin Vrrma 1 tungugebaurf* der 
ehtmaMgen Schachtanlige Zollern 11 in Dor tmund-flow inghau ten emgerichtet. E« beateht aui dem 
cherni&ch-phyiikallichen Labor und aua der photogrammetritchen Ahteilijng. 

Summary translated by Dr.H.Hulloy 


145 




HECKES: OER HEISSLUFTFESSELBALLON FOR LUFTMJFMHGN 



Abb.l Der HeiBluftballon Oes Deut- 
schen Bergbau-Huseums bairn Einsatz Jtn 
Sultanat Oman 

(The German Mining Museum's hot-air 
balloon in action in the Sultanate of 
Oman) 




Abb.2 Haysar 25 vor der 
Ausgrabung 

(Haysar 25 before excava 
tion) 


Abb.3 Hiysar 25 nach bar 
Ausgrabung 

(Haysar 25 after excava¬ 
tion J 


Abb.4 Malakoffturm Julius 
Philipp in lochum-Miemel- 
hausen 

(Halakoff Tower Julius 
Philipp in Bochum-Hiemel- 
hausen) 


Abb.5 Halakoff turn* Alte 
Haase in Sprockhbvel 
(Halakoff Tower Alte 
Haase in Sprockhbvel) 



146 




HECKES: DER HE ISSLUFTFESSELBALL ON FOR LUFTAUFNAHHEN 


mu WH5BAH m ip r /ib wmja j. _ktcms_ mm 1 rez. 2 , b.iz.ab 
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Tab.1 Burganlage M-25 vor 
der Gra bung; Orientierungs- 
protokoll 

(Fortress M-2S before exca¬ 
vation; orientation 

protocol) 


NODELL OHIO10AP 81132 12/17 AUEWCBTTS J. HLCXES DATUM 1982.2. 8.12.49 
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Tab.2 Burganlage M-25 nach 
der Gra&ung ; Qrientierungs- 
protokoll 

(Fortress m- 25 after onca* 
vation; orientation 

protocol 1 
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T»b,3 Halakoffturm Julius 
Philippi Orientierungsprc- 

toko11 

(Halakoff Tower Julius 
Philipp; orientation pro¬ 
tocol } 


Tab.i Halakoffturm Alte 
Haa$e; Orlentierungspro- 
tokoll 

{Haiakoff Tower Alte 
Haase; orientation pro¬ 
tocol) 
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KARL LUDWIG BUSEflEYEfl 
GEFA-FLUD AACHEN 


E1NW£ GEDANKEN ZUH EINSATZ VON FEFNEGELENKTEN BALLONEN UNO LUFTSCHIFFEN ZlM 
LUFT81LOERSTELLUNG nnjl „ Tnu nt 

SQHE THOUGHTS CONCEfWlNG THE USE OF REMOTE-CONTROLLED BALL DORS AMD AIRSHIPS FOR Tht PRODUCTION OF 
AERIAL PHOTOGRAPHS 


SUMMARY 

k historical outline of the use of balloons and 
airships for scientific purposes and a prospect of 
a possible revival for these purposes. 

Discussion of the possibilities of using the re¬ 
mote-controlled aerostatic systems of flight for 
the production of aerial photography. 

Description of a newly developed remote-controlled 
type of airship {hot-air balloon) to be used for 
close-range aerial photography and its 
peculiarities, 

Prospects for further improvements of the type of 
airship described, 

Die Ballonfahrt hatte lhre Geburtsstunde lm Jahre US3, die Photographie einige 
Zeit spater. Bereits in der Mitte des vergangenen jahrhunderts wurden von 
Ballonen aus die ersten Luftbilder erstellt (Nadar in PinsL Auch die Erd- 
krunvnung wurde photographisch zu Begirtn des 20. lahrhunderts von 9ord sines 
Rallones dokumentiert (Dahl in Wuppertal)* 

Die Entwicklung von Luftschiffen erschlossen none Hdglichkerten der Luftbild- 
erstellung. Bekannte Geispiele sind die Arktisfahrten des Italieners Nobile in 
den 20er Jahren und die mehrtagige ArkUsfahrt des Luftsehiffes H Graf Zeppelin 
im Jahre 1311. Weite Gebiete der Polargegend sind mit eigens hxerfur 
entwickelten Kamerasystemen erforscht und teilweise erst entdeckt warden. 

Die rasante Entwicklung von Flugsystemen "Schwerer als Luft - Fiugzeugen also 
boten weitere Hoglichkeiten und dominieren heute das Feld bei der Luftbi d 
er steliung 

Seit einigen Jahren wird verstarkt an neuen Ballon- und Luftschiffproiekten ge- 
arbeitet und in Harktoiech#n emgesetzt, die von konventlonellen Luftbilder 
stellungsmethoden mcht bearbeitet werden konnen. 

Da fur gibt es folgende Grunde: 

zum exnen ist herkommiiche Luftbilderstellung ein sehr teures Verfahren und er- 
forder t rudem den Exnsatz komplizierter Technologien„ 

zum anderen gibt es bei herkommlichen Hethoden Schwierigkeiten gnter einen Bild- 
maBatlb von 1:1500 zu kommen; dies stellt aber fur bestimmte Aufgaben - wie z.B* 
bei archaologischer Feldarbeit - eine sinnvolle Erganzung dar* 

In den GOer Jahrenn kam es weltweit zu einer Renaissance des Heie luftballon- 
sports, ermoglicht dureh leichte, sehwer entflammoare Kunststofftextilien as 
H ullenmaterialien und hochenergetischem Flussiggas als Heizguelie. Im a o ge 
dieser Renaissance entwickelte sich auch ifn Hodellhau em neuer Zweig. der sich 
mit der (Construction wen f erngeienkten Ballonen und Luftschiffen beschaftigt. 

Fine Moglichkeit der Rammerziellen Anwendung solcher Modelie besteht in der 
Verwendung als 'luftige" Kameraplattfom, Verschiedene Typen sind dahei zu 
unterscheiden: 


m 


BUSEMEYER; EINIGE GEDANKEN ZUM E1HSATZ VON RC-BALLONEN 


BALLONE UNO LUFTSCHIFFE 

Der Unterschied zwischen Ballon und Luftschiff liegt in der Form begrundet: 
Gallons besitzen einen entsprechend ihrem Durchmesser sehr hohen Windwiderstand 
und sind daher nur bei geringen Windgeschwindigkeiten einsetzbar. Luftschiffe 
sind aerodynamisch durchgebildete Flugkorper; dies bedingt einen erheblicli 
geringeren Luftwiderstand. Zusatzlich besitzen Luftschiffe einen Antrieb zur 
gezielten Vorwirtshewegung: dies soli aber in der weiteren Betrachtung hier 
kerne Rolle spielen. 


KALTE UND HEISSE SYSTEHE 

Des weiteren muB bei Flugsystemen ‘Leichter als Loft* zwisthen versehiedenen 
Auftriebsmedien unterschieden werden: zwischen einer Gasfuliung mit Wasserstoff 
Oder Helium tkaltes System) Oder einer Verdunnung des Volumens durch Erwarmung 
(heiBes System|. 

Geide Systeme haben verschiedene vor- und Nachteile, fur die aber hier nicht der 
PXatz ist sie aufzuzeigen. 

wichtiger VorteiX des hexBen Systems ist die weltweite Verfug&arkeit won 
Flussigheizgas. Wasserstoff und Helium sind weltweit nor unter Schwierlgkeiten 
verfugbar und zudem nur in scnweren Stahlflaschen erhaltlich. 


Seit ia?S besehaftige ieh micb mit mehreren Freunden intensiv mit dem Bau und 
dem Einsatz von ferngelenkten Ballonen und Luftschiffen. 19 BQ bildeten wir 
unsere Arbeitsgemeinschaft um in die 'Gesellschaft zur Entwicklung und Forderung 
Aerostatischer Flugsysteme mbH*. derefl Zielsetzung es ist Ballone und 
luftschiffe zur Luftbilderstellung und Luftschichtenanaiyse zu konzipieren und 
einzusetzen. 

1981 brachte ein mit einer Super 8 Kamera ausgerustetes Luftschiff bei einem 
vierzebntagigen Aufenthait bei der BBC in Briatol/Groflbritannien die ersten 
brauchbaren Ergebmsse. die in Abstimmung mit der besonderen Aofgabenstellung in 
HohenjoOaro zu fa 1 gender Projektdefinition fOhrte: 

HEISSLUFTSCHIFF GFL 145 

Das System stelit insoweit eine Novitat dar. als hier wohl zum ersten »al wer- 
sucht wurde, die aerodynamisch gunstige Luftschifform beim HeiUuftsystem zu 

burrhm»!*./i f K r i* d niedri9€r Innendrucke kdnnen hier allerdings nur Langen 
Durchmesser Verbaltnisse von max.Z.Stl erzielt werden. auflerdem kannn eine 

optimale Temperaturverteilung bei grbBeren Streckungen (auf einfache Ueise) 
mcht reaiisiert werden. so daa es zu Trimmschwiengkeiten kame. 

_ L » n »* Durchmesser 5.0 Heter. Volumen use 3 . 

Auftneb durch Erwarmung des Fullvoiumens mittels Flussigphasen. Doppelbrenner 

Ilbb.U GeSamtlfllstun9 uon kcal/h. Gasverbrauch pro Stunde etwa 6kg 

NiioIiolieb^ f ^ U ! le 8 - $ 19 Langsssgruenten eines kunststoffbeschichteten 

flallcne v!. Polyant Airship won Vrseidag. W ie es auch zum Bau bemannter 
Ballone Verwendung findet. Oas Gewebe ist temperaturfest bis TZ ,°c. Der 
Gesamtauftneb des Luftschiffes betragt SO kg bei 15 °C und 760 mbr 

Oie Fernlenkanlage ist eine Industrlesteuerung von SrandeL-Elektronik und 
irbeit.t im UJ mz 8arul . ,„ s8esa . t fu „, Fu „ t , 1OTr „ werden „ ittel! 01e ,° r Ani ;„ 

Pllot0r ' r ' n " 2 ».upt»r.„ ner . Fa «.„. d reh.o,ric ntu „ 9 u'd «.»"! 


r Fi»9«r.x#.n in f.r t i a , n zu „**„**. 

besteUt die Hogiit 9 dxe Kamera per Fernsteuerung zu dr*hen, 

geioDMlt r ’e^mo!licht k rt rb ^ 0n ‘ lert uncl drehbarer Welle mit der Kamera 

L -11 9 .nu,.n- 
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BUSBMEYER: E1N1GE GEDAHKEN ZUH EIHSATZ VOH RC-BALLQHEN 


Der hier baschnebane Luftschifftyp wurde in eitier mehrtagigen Testphase lm 
Sommer 1982 auf Gut Bra itensteinMachen ausfuhrlich arprobt und erfulite die in 
ihn gesetzten Erwartungen, Die Positionierung mittels der Haltalainen stellt bei 
genugend fraiem Gelande kein Problem dar, die Hdhenstaffelung mittel? emer 
iotleine arbeitet ebenfalls zufriedenstellend, 

Fur die Zukunft wird ubar die Kopplung der Orehvorrichtung mit einer 
Kreiselsteuerung nachgedaeht, so daB eine einmal gewahlte Ausrichtung der Kamera 
seLbstandig eingahalten wird. Des waiteren ist das Hitfuhren einer Videokamera 
an Bord geplant, urn ein schnellares Positionieran des Gerates uber einem 
bestimmten Punkt zu ermcglichen, 0ei.de Punkte erfordern allerdxngs emen auf 200 
m vergroBerten Luftschifftyp mit einer freien Trsgkraft von etwa 30 kg. 


VOR- UHD NACHTE1LE 

Vorteile einer wie auch immer gearteten Ballon- odeT luftschif fkonstruktion sand 
die standige Verfugba rkait bei Feldarbelten und die spontanen Einsa tzmoglieh- 
keitan, Aufrustungszeiten liegen bei weniger als 30 Minuten, 

Em weiterer vorteil ist die Einfachheit und Robustheit der Systems, notwendige 
Reparatur- und Wartungsarbeiten konnen aucb vor Ort durchgefuhrt werden. 

Lediglich der Pilot benotigt nine hohe Qualifizierung, als weitera Hannschaft 
kann Hilfspersonal eingesetzt werden. Nach wenigen Einsatzen ist das Personal 
genugond g^schult (Abb.IK 

Nachteile stellen die Halteseile dir. die einen Einsatz uber bebautem ader star 
toewachsenem Gebiet erschweren. In jedem Fall sollte das zu documentlerende 


Terrain Oder Gbjekt von alien Seiteo begehbar sein + 

Haupteinschrankung ernes Ballon- Oder Luf tschiff systems ist die relative.Wetter 
abhingigkeit. Der Einsatz verlangt gute Mittarungsbedmgungen mit niedrigen 
Windgeschwindigkeiten, Dieses Faktum durfte einem Einsatz auf 0este ung im 
Wege stehen. 


Zieht man als eigentlichen Nachteil die Wettarabhangigkeit in Betracnt und 
kaikuiiert bei Prjektplanungen etwaige Wartezeiteo mit ein, so steht nut emem 
wie hiar beschnebenen System ein preisweter Kameratrager zur Verfugung. der 
neue Moglichkeiten bietet. einfach und robust in der Handhabung ist und quasi 
"aus dem Koffer" betrieben warden kann, 

Sicherlich wird der praktische Einsatz in Hohenio-Oaro nocb erne Vielzahl von 
Aspekten aufzeigen, und man wird erst nach Abscblufl dieses ersten Einsatzes ein 
wirkliches ftesumee ziehen konnen: diese Erfahrungen warden in die Konstruktion 
und den Bau weiterer Systems flieflen. 

Oar intarassierte Leser sei an dieser Stalle auf weiterfuhrende Fachliteratur in 
dem Buch "RC-Luftschiffe und Ballone" von K, L. Buscmeyar, Neckar verlag, nin- 

gewiesen. . 

Ich mbchte an dieser Stelle der Deutschen Forschungsgemeinscha ft und Herrn Dr. 
Jansen vom Forschungsprojekt Mohenjo-Oarb dafur danken. daB der Bau und der 
Einsatz aides Luftsctiiffas zur Luftbildarstellung in Hehengo-Daro moglich 
wurden. 


Summary translated by C.Huller-Waldeck 
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IMST1TUT FUR G EST ElNSHUTI£MKUNDE 
RUTH AACHEN 

ZERSTttRUNG VON ZIECELN QURCH SALZE 

THE DESTRUCTIVE EFFECTS OF SALTS ON BRICKS 


SUMMARY 

The brick material was very lightly fired, in 
texture it is highly porous, loose and very 
heterogeneous. Relatively large particles of 
calcium sulphate already present in the clay were 
incorporated into the finished bricks. At higher 
firing temperatures of approx. 1,000 C quicklime 
can form which, as a result of secondary 
hydration, can lead to the desintegration of the 
bricks. Similarity Na 0 may also have been present 
in the original brick clay. The crystallization 
pressure produced by the transformation of 
thenardit into mirabilit can greatly accelerate 
the destruction of the bricks. 

For their active help in interpreting the 
experiment results at such short notice I would 
especially like to thank Herrn Oipl.-Min.Th.Ros- 
lowski and Herrn Akad.Dir.Dr,-Ing.W.-6.Burchard. 

Hormalerwei.se wird man unter den heutigen Produktionsbedinguogen kaum mit emer 
Zerstorung von Ziegeln durch Salze rechnen kbnnen. Einmal 1st der Gehalt 
loslicher Salze in Ziegeln gering und zum anderen werden die Ziegelmaterialien 
hoch genug gebrannt, wobei die Salze weitgehend in die glasig-amorphe Matrix des 
Z iegelgefuges eingelagert warden, wohl bekannt dagegen sind auch neute noch 
unschdne Ausbluhungen an Sichtmauerwerken aus Ziegeln. Auch an Dachziegeln 
werden Ausbluhungen an der Dachunterseite beobachtet, Diese Ausbluhungen werden 
jedoch bereits durch Bruchteile von <11 ausbluhfahiger Salze erzeugt. Sia treten 
vornehinlich ir> den Obergangsiahreszeiten zum winter und zum Sommer hin auf, wenn 
die Luftfeuchtigkeit hoch ist und die Verdunstung der fliissigen Phase an der 
Oberflache des Hauerwerks erfolgt. 

Dei der Behandlung des gestellten Themas mufl man gleichermaBen die 
Ziegelherstellung selbst und die dmweltbedingungen einschlieBlich der 
Verarbeitung der Ziegel im Bauwerk berocksichtigen. 


Ziegelherstellung 

Ver fahrensparameter 

E igenschaften 

Rohstoffiusammensetzung 

Ge Fuge 

Homogenisierung 

F estigkeit 

F ormgebung 

sonst. Eigenschaften 

Brenntemperatur 

losliche Salze 

-dauer und -atmosphare 



Tab.l Verfahrensparameter und Eigenschaften bei der Ziegelherstellung 
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Bei der Herstellung der Ziegel interessieren j.nsbesondere die Zusanvnensetzung 
der ftohstoffe, die Homogenisierung, die Formgebung und die Brennbedingungen al$ 
maBgebliche Verfahrensparameter, Die Eigensehaften des Fertigproduktes lassen 
sich weitgehend aus den Gefugepsrametern: Gesamtporositat f offene Porositit, 
Porenverteilung und deni Aufbau und der Verteilung der fasten Phasen ableiten, 
Ove Gefugaparameter bestimmen neben den mechanischen fiigenschaftsn das AusmaB 
moglicher Transportvorgange, die 2 u Beeintrachtigungen von Sichtmauerwerk in 
einaicbt auf die Asthetik wie aueh im vorliegenden Fall sogar auf die 
Daeerhaftigkeit fuhren. Zusatzlich ist die Frage zu klaren, ob und in welchem 
Ausmaft ldsUche Salze, meiatens Alkali- und Erdalkalisalze von Sulfaten, 
Carbonaten. Nitraten und Chlonden im Baustoff enthalten sind. 

We itera Parameter sind in diesem Zusammenhang die Bauwerfcsisolierung in 
Verbindung mit der Lage des Grundwasser$. der verwendete Hauer- und Putzmortel 
und die KHmatologie: Niaderschlag, Feuehte und Tamperatur. Es i$t selbstver- 
standlich, dafl diese Parameter die Durchfeuchtung und die Verdunstungszone 


UNTERSUCHUNGSNETHOOEN 

Wir sind der Ansicht, dad die Methode 
Baustoffen gleicbermaBen fur alte und 
Beispiale ublicher Verfahren sind: 


zur Kennzeicbnung der Eigenschaften von 
neue Haterialien einzusetzen sind. 


Verfahren 

2ielgrofle 

Wasseraufnahme 

offene Poroeitat 

Dichte ~ Rohdichte 

Gesamtporositat 

Quecksilberdruckporosimetrie 

Porenverteilung 

Elektronenmikroskopie mit RMA 

Gefiige- und Phasenanalyse 

Rontgsnbeugungsanalyse 

Phasenanalyse 

Rdntgenfluor'eszenzanalyse 

Chemische Analyse 

> 

Mikroskopie 


Thermoanslyse 
Erhitzungsmikroskopie 

Dilatometrie 

L ' 

>> Phasenanalyse und 
thermische Verhalten 


Tab.i Beispiele von Untersuchungsverfahren und Ziegelgrdflen 

Diese Verfahren mussen hiufig fQ r Losung bestimmter 

modifiziert warden. 


Problemstellungen 
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UNTERSUCHUHGSHATERIAL 

Fgr unsere Bearbeitung des Problems standen folgende Haterialien zur Verfugungi 

- Ziegelbruchstuck 

• Nortel zwischen Lehmziegeln 

- Sinterschicht auf Ziegel 

- Salzausbluhungen 

Selbstwerstandlich war es nicht moglich, die zur Klarung dor Fragen 
erforderlichen Untersuchungen durchzufuhren. Vielmehr wurden einige 
orientierende Untersuchungen beispielhaft durchgefuhrt. um das Problem der 
Ziegelkorrosion durch Salzeinwirkung in Verbindung mit dom derzeitigen 
Kenntnisstand andiskutieren zu konnen. 

An den bereitgestellten Haterialien wurden folgende untersuchungen durchgefuhrt: 


Material 

Untersuchung 

Ziegel 

Makrogefuge am Sageschnitt 

fl mit Ausbluhungen 

nach 2 Tegen 

Porositbt 

Mikrogefiige 

Phesenanalyse 

Dilatometrie 

Auslaugung 

Mortel t Sinter 
und Augbluhung 

Mik rog e fuge 

Phasenanalyse 


Tab.3 Versuchsmaterialien und durchgefuhrte Untersuchungen 


Das Hakrogefuge der Ziegel wird bereita am Sageschnitt deutlich. Eine innere 
dunkelrote Zone, ein hellerer auBerer Saum und grobere Spalten und Klufte warden 
klar erkennbar. Zwei Tage nach der Herstellung des Trennscbnittes zeigen sie 
weiBe Ausbluhungen ausgehend von Rand der Probe auf der ooerfliche. 

Die Gesamtporositat handgeformter Nasson 1st noben der Rohstoffzusammensetzung 
durch das Formgebunsverfabren hoher als bei heutigen maschinelien Verfahren und 
betragt 44 Vol.-Z. vergleichungswerte heutiger Produkte liegen im Dereicn von 1 
Vol.-l fur Vomauerqualititen, bis zu 37 Vol.-Z fur Untermauerqoalitaten und bis 
zu 46 Vol.-l fur porosierte Hintermauerqualititen fur die scherbenporositat 
tvgl. Schwiete/Ludwig 1969). 

Das Mikrogefuge des Ziegels ist beispialhaft in Abb.1 und in Besonderheiten in 
spateren Abbildungen dargestellt. 

Die REM-Aufnanmen in Abb.1 zeigen ein ausgeprigtes Hakroporengefuge. In 

starkeren VergroSerungen ist die geringe Versinterung an den 
ausgebildeten Ecken und Kanter der ursprunglictten Morphologie der Rohstoffe 
neben der geringen Versinterung der Einzelpartikel kenntlicb. 
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Dilatometeruntenuchungen zeigen y ?00°C eine starker* Sehwindung des Kiternls 
ufvd konnttn *in Hinweis soin, daB hi*r die Brenntemperatur gelegen haben kinn. 
Ole cbemiiche Zu sammensetzung wurde mit Hilfe der RFA ermittelt: 



GU 

sic 2 

A1 2 0, 

Ti °2 

F *2°3 

CaO 

S0 3 

k 2 c 

Na z 0 

Cl 

Kern 

Rand 

3.0 

3.5 

59.9 

50.7 

17.5 

17.0 

0.7 

0.6 

5.2 

4.4 

. 

'V.Z 

9.7 

0.9 

0.0 

2.3 

2.2 

2.4 

2.4 

0.13 

0.15 

Tib.* 

In Til 
angeget 

Chemi $cM 

J-S sind 

)«n f 

* Analysen von Rand- und Kernzone des 

die Antaiie auslaugbarer Salze g 

Ziegels 

nd deren Zu 

tammense 

tiung 


Auslaugung 
CM, -%) 

| CaO | 

MgO 

(me 

«a 2 0 
j/lOOml) 

1 KjO | 

5 “j 1 Cl 


Kern 

Rand 

7.0 

20.3 

7.4 

4.5 

0.12 

0.08 

14.5 

3.0 

3.5 

1.5 

3.2 

21.3 

6.5 

1.1 



Tab.5 Auslaugungen und 2usammensetzung der ausgelaugten Salje 
Oer Hortel der sich rwischen Lehmziegein befand. i*t in Abb.S dirgestellf und 

i f : b r:; r hend t gips mit **'**t™ : d 1Mben iat abe r auc* 

52 S dtr ZU " Ch "*"- 0a > "ontgenbeugungsdiagramm 

*l entiprecbend die Inter*erenzen des Gipi und d*s Minbxlit tauch 
GlaubersalzJ aue (Abb.10). 


wht S «cM., , °2.«L Ii ”I 1 " ,, *r licl '' “* ln 8ild ” er „. ls t .in 

recnt dlcbte* Gefuge auf und nt vornehmiich 

Calcium. Kalium, Natrium, Silicium, Aluminium 


a U 3 

und 


den Clementen Schwa/-el* 
Eijen aufgebaut* Seine 


"* ,t «*l»>-ydr. t n.b.n uo« 

Nrtri£ii!!?:i“l!7*I *" ““ 13 chni.cli ... 

Uhl ^ ThI: «•«.» Th.fl.rdit uhd Hir.Dilit 

T»*Mu **”* rfrei " *■»*. «hr.M d.r Hir.bilit u.t.r 

. 0 olen H^o und Volumenzunahme von 3001 gebildet wird Oer 

IfiaT/* talUMtionsdruck ergibt sich nach Knacke und von Erdberg (v^l 

20 HfZ ^ n!™i lul V'*™**"™*™ Uberlegungen bei Raumtemperatur zu 
Null 't. c Tnpelpunkt ThenardU-Hirabilit bei 32°. 3 a°C bin auf 

•riiicht !! lt P Th im0n i* U WUr<l * n bilh " * la Oruck nur 2 K/mm 

errexcbt. Das System Thenardit-Hirabilit-Losung ist in Abb .16 dargestalit 
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Summary translated by Dr.H.Hulloy 
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Abh.l Ziagelgafuge 


Vjurgl'lckMii.* zaigan di* ei!d*r 2 und 3 REH-Aufnahm.n und makro.kopischa 
AbBUdungan von dichUn und poroten Mocftbiuzi*g«in. Oie Gafugabiidar iDrachan 

■f 11 If jp» Jh, 



Abb.2 und 3 Oichte und porose Hochbauzisgel 


* U9en WUrt,6n S0in * r2,it iv * 1 - Ludwig 1969) auch die Por.n- 

vart.Uungan 9*me.s*n und man arkannt fur das stark varsintart* Hatariil Hit 3 

;;; von . 12 vol “ 164,1 ^ grab** 

ai# hoh * fur das schwac* gebrannta Katarial 

ubb *'- 1,1 iu 
Poranjpektrum sowohl dai kapillare 

Hsssorruckhaltavermogen begun s tigt* 


HLz 5 
die 

Saugvermogen ala 


bei brBitam 
Bin braites 
■uch das 








luduig: zmrmuNG von ziegeln 



c ’ ■ m-* uycMi-J&erfiVGS' -r^ASon Ai'o-s• f 


HLr7 £-Wf* 


f<5' 

fler*nmdrui £&2 -— 


Abb.i Porenverteilungen in 
Ziegeln 


Di» Hatarogenitat in dir Ziegelmatrix wird auch iui der Abb.5 ertichtlicb, in 
dar «in EinachluS fetter und dichter Subatanzan in dar aonst pordsan Matrix 
feitgehalten wurde. Die RHA-Flicbenanalyse waist fur das dichtere Material im 
wesantlichen einan hoheran Ni 0- und Sulfatantail agf. 



Abb.5 Hetarogtnitat in der Ziegeima- Abb.6 Sulfat in dar Ziegelmatrix 
trix 
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Der Sulfatgehalt im Gefuge ist nach den vorliegenden Untersuchungen groStenteiis 
auf vorhandenen Anhydrit zuruckzufuhren, der mit Sicherheit als Oihydrat uber 
den Rohstoff eingebracht wurde (Abb.GK Pseudomorphosen nach Oihydrat bestatigen 
diese Hypothese. Das ElementverteilungsbUd des Sclvwefels {rechts obenl 
bestatigt die bereits morphologisch erkennbare Verteilung des Anhydrits. Union 
rechts *ird die besonder* grebe Verteilung des Calciumsulfat im Gefuge 


llfuhrt Til tiT-* IS WUrdC mU HUfe d " (Abb.7J durch- 

I vornehmlicb die Interferon des Quarz. von Feldspaten 

Calclt " orn * le " d ®"‘ Hswetit* Ulit. Anhydrit. Oihydrat und 

handeln I? St Oihydrat und Calcit urn nachtragliche Sildungen 

m 50 S ""iZ „ ! dBS IUit r,in ‘ d46 die Brenntemperatur 

unter 950 C betragen haben muDte. Slid 8 zeigt hierzu vergleichsweise die 

Peters5Th UdUn ?«. lfl ^reicheron Ziegeltonen nach Peters und Iberg (vgl. 

B /Iber9 ,97a : Schnudt 1981 J. Zusammen mit mogiichen Untersuchungen an dem 

l«r», 9, " rti9t ”° ra6 '’ »™. ». 

Aussagen uber die Hohe der BrenntemDeratur machen lassen Aber auch 

achbrennversuche an dem vorhandenen Material konnten ausreichend sein. 



Abb. 7 

lyse des 


Rontgenbeugung aana- 
Ziegels 


Abb,8 Veranderung in 
sammensetzung ernes 
Ziegelrahstoffes beim 
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Abb.i Hortei zwischen Lohmziegein 




Abh .|0 ftontgenbeugungsana- 
lyse des Mortals 
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a. 11 

ftter won dor Z legeloberflicbe 


Abb.12 Rontgenbeugungsan*- 
lyse dej Sinters 
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0 u 20 30 

lemperalur in °C 

Maxim aler thermodynamisclitr 
Hydralalionodruck der Umw.md- 
lung Na 2 S0 4 Na^ty 10 ri^O 
(■—}*. Die Lime (<-■---} isi der 
maxim ale Hydralalionsdruck ohnt 
BerOckaichtigung der erhahien 


Abb.13 Salzau$bluhungen 


SattigungslGslfchkeH des Deka 



hydrats unter dem Dmck n - 


Abb,15 HydratatLoresdruck 
der UmwandlUfsg Thenardit™ 
Mirabilxt 



Abb.l6 

Schmelzdiagramm des stabilen 
Systems H^Q-Na^SQ^ 

L = Sulfatloaurtg ; 

S>s Dekahydrat; A= Anhydnt 
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RAINER GUS5QWE 
LEHRSIUM. FUR hlNiflALOGIE 
FWTH AACHEH 

HINERALQG1SCHE UHTERSUCHUNGEN AN GESTEWSPROBEN AUS HOHENJO-DARO 

H INF FLA LOGICAL INVESTIGATIONS ON STORE SPEC I HENS FROM HOHENJO-DARO 


SUMMARY 

Durlog the tSfit field campaign the Mchen^o-Oaro 
Research Group discovered extensive waste-piles, 
which were taken to be traces of prehistoric 
copper smelting activity, i,e. copper slags. Two 
samples of about matchbox size were available for 
a mineralogies 1 study by X-Ray spectroscopy, X-Ray 
diffrac-tion and polarization microscopy of thin 
sections and polished sec-tions» The results were 
not compatible with the copper slag hypothesis; 
The samples do not contain copper - prehistoric 
copper slags ought to have several per cent - and 
they are no slags, since they are not crystallized 
from a molten phase. One of the specimens is most 
probably a fragment of the refractory lining of a 
high-tempera tyre fireplace - maybe a potters kiln? 

the use of the other is not evident. Of course, 
the results do not exclude the possibility of 
copper smelting in ancient Hohen3o-0aro, 


Sei den Gelandearbeiten der Forschyngsgruppe Hohengo—Daro wurden 
ausgedehnte Halden gefunden, die als mogliche Schlackenfelder 
nschen Kupferverhuttung gedeutet wurden. Diese Hypothese sollte 
Proben mittels mineralogischer Methoden uberpruft werden. 


im Jahre 1991 
einer prahisto- 
anhand von Zwei 


llnter den mineralogischen Methoden mmmt die M1XR0SKGPIE einen hervorragenden 
Plat; fin, Sie erlaubt neben der Bestimmung der Miner ale auch Aussagen Liber lhre 
Mengenanteile, ihre Verwaehsungen, ihre KorngroRenvertei}ung und ihre Ein- 
regelung, d.h. uber das Gefuge ernes Gesteins Oder Erzea. Erne Resonderheit der 
mineralogischen Mikroskopie ist die Verwendung polarisierten Lichtes, das nyr in 
einer Ebene schwmgt und daher erlaubt, dutch den Knstallbau bedingte 
Richtungsabhangigkeiten des optischen Verhaltens fur die Mineraldiagnose nutzbar 
zu machen. Fur die Untersuchung von Gesteinsmineralien werden sog, Dunnscbliffe 
von rund 25pm Dicke hergestellt, Die Gesteinsmmerale werden in diesen dunnen 
Praparaten transparent, ihre optischen E igenschaften wie Lichtbrechung, 
Doppelbrechung und Absorption kdhnen dann im durchfallenden Licht beobachtet und 
gomessen und zor HimereIdlagnose benutzt werden. Erzminerale sind i.a * bei 25ym 
Dicke noch opak und werden daher in Anscftliffen mit reflektteftern Licht 
untersucht; hier sind die kennzeichnenden Eigenschaften insbesondere das 
Reflektionsvermbgen (Helligkeit und Farbe des reflektierten Lichtes) und die 
relative Harte, 

Sehr femkorniges Material, das mikroskppisch nicht mehr bestimmt werden kann f 
wird mitteis RGnTGEndiffwaKTIOn untersucht. Diese Hethode beruht darauf, daft die 
Minerale aus regelmafligen Atomanordnungen. den sog Kri stallgittern * aufgebaut 
sind, an denen Rontgenatrahlen qua si-reflektiert werden konnen. Dabei bestehen 
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bes timmte Beziehungen zwischen (Jen Abstinden der Netzebenen voneinander. der 
Wellenlange der Rontgens trahlung und dem Einfaliswinkel der Strahlung auf die 
Netzebenen. Fur die einzelnen Minerals ergibt sich ein typischer Satz won 
RefLexen. deren Lags und Intensitat kennzeichnend sind, so dafl sie fur die 
Diagnose benutzt warden konnen, In Mineralgemischen geben die relativen 
Intansitaten daruber hinaus AufschluB uber die relativen Anteile der Minerale in 
der Probe. 


Die Bestimmung der in der Probe enthaltenen Element* kanri mittels der 
RONTGENSPEKFRALANALYSE erfolgen. Hierbei wird die Probe zur Emission ernes 
Rontgenspektrums angeregt, das die Limenstrahlung der in ihr enthaltenen 
Element* aufweist. Die Hessung dieser Strahlung ermoglicht die qualitative 
Destimmung der Elemente aufgrund der Weiienlange und deren relative Xonzentra- 
tionsbes timmung aufgrund der Linienjntensitaten. 


Die PR08EN liegen in Form von Bruchstucken ehemals groBerer Steine vor. Probe f 
ist antcheinend das Eckstuck ernes von abenen Flachen bagrenzten Steinas, Probe 

2 ist unregelmaftig gaformt. 8ei Probe 1 sind schon makroskopisch drai fiereiche 
zu unterscheiden Is. Abb.1 und2): 

). Eina gelblich-olivfarbene , vbllig verglaste Oberflachenschicht von ct. 0 1 m 
Dicke, 

t. Eine schwarz-graue, teilweise glasartig glanzende Schieht von 10-15 mm 
Starke, die von zahlreichen runden Oder langlichen Blasen durchsetzt ist 
3. Eine braunlith-rotlithe -Kernschicht', von der nut relativ geringe Anteil* in 
der Probe enthalten sind. 

Probe 2 ist wesentlich einheitlicher aufgebaut. Sie besteht aus grau-gelb-braun- 

lichem, feinkbrnigem Material mit zahlreichen, unregelmafligen Hohlraumen, die 

teilweise mit gelbam, schuppigem Material ausgefullt sind. Oas stuck ist 
oberflachiich angewittert und dgnkel gefarbt. 


Losung des Problems ■ Kupfer- 
eingehendsre Searbeitung ist 
representatives Material zur 


Die Untersuchungen wurden vorerst auf p as 
schlatken? - arforderliche MaB beschrankt. Eine 
vorgeseben. wenn demnachst ein umfangreicheres und 
Verfugung steht. 

'“f" 5 "’ 1 " 1 '" mineraloyiscfte Eigenseha E ten 

aufweiscn. n.cl, aen.n o el oer Unt.tsuchuny »*» ".t.ri.ls y«i.lt yetyent „ur<j e - 

1. Kupferschlacken enthalten unmer Restgehalte an Cu. Heutiga Cu-Schlaeken 
s&n G.3-0. b t Cu iuf H im 19. iah rounder t war on i-Z | utT ‘ 

0 SC ^ 1 1 C l! en iSt mit eini9Bn Prozenten Restkupfer zu rechnen 
(Mundi. Mitt. Prof.J.Kruger. Aachen) 

fi!!Hin Cken ^ Sch,n ® lzflue standene und daraus erstarrte Gamisehe von 

h *«t»liverbin<Jungen. Bei metailurgischen Schmeizprozes- 

unV r 9art und indere ln den retail lichen Schmelzprodukten 

unerwunschte Bestandteile aufnehman*. (LUEGER. Lekikon der 

TiChnik/liuttenteclinih S, 54 a ) 


2 . 


wer 
verge- 


JiLrefzen! Und ^^erbindu 0 gen erfolgta mittels Rontgen- 

^luoxeszenz-Spektralanalvse und erzmikroskopisch im Anschliff. Oia Spektralana- 

wurde 8 In aB d B I ei p!obe!!' JPf *d 9ehalt < **t*™Wnf O.t U, auch erzmikroskopisch 
wurde in den Proben weder metallisches Cu noch fiesta von Cu-Mineralen 

nachgewiesen. Aufgrund der fehlenden Kupfergehalte kann es sich bei den beiden 
untersuchten Proben also nicht um JCupfarschlacken handeln. 


Die mikroskopische Untersuchung 
Proben mcht aus dem SchmelzfluB 


im Dunnschlif-f und Anschliff ergibt, dafl die 
auskristallisiert sind. Die *Kernzone‘ der 
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HAjNEfl GUSSONE 
LEHASTUHL FUR HJNEflALOGlE 
RUTH AACHEN 

MINERALOGISCHE UHTERSUCHUNGEN AN GESTE1HSPROBEN AUS MOHENJO-DARO 

HINEflALOGICAL INVESttGAf(DNS ON STONE SPECIMENS FROM MQHEN JO-DA FIO *** 


SUMMARY 

During the 1901 field campaign the Hohenio-Daro 
Research Group discovered extensive waste-piles, 
which were taken to be traces of pre his tone 
copper smelting activity, i, e, copper s Lags. Two 
samples of about matchbox size were available for 
a mineralogical study by X-Ray spectroscopy, X-Ray 
diffrac-tion and polarization microscopy of thin 
sections and polished sec - 1 ions. The results were 
not compatible with the copper slag hypothesis: 
The samples do not contain copper - prehistoric 
copper slags ought to have several per cent - and 
they are no slags, since they are not crystallized 
from a molten phase. One of the specimens is most 
probably a fragment of the refractory lining of a 
high-temperature fireplace - maybe a pollers kiln"? 

the use of the other is not evident. Of course^ 
the results do not exclude the possibility of 
copper smelting in ancient Mohen30 -Daro■ 


8&1 den Gelandearbeiten der Forschungsgruppe Hohenjo-Daro wurden 
ausgedehnte Haiden gefunden, die a Is mogliche Schlackenfelder 
rischen Kupferverhutlung gedeutet wurden, Diese Hypothese soilte 
Proben mittels minera log 1 sche y Metnoden uberpruft werden. 


im Jahre I 9 S 1 
einer prahisto- 
anhand von zwei 


Unter den mineralogisehen Methoden nimmt die MIKRGSKOPIE einen hervorragenden 
Platz ein. $ie erlaubt neben der Bestimmung der Minerale auch Aussagen uber ihre 
Mengenanteile , ihre Verwachsungen H ihre Korngrofien ver tei 1 ung und ihre Ein- 
regeLung, d.h. uber das Gefuge ernes Gesteins Oder Erzes. Erne iesonderheit der 
mineralogischen Hikroskopie 1st die Verwendung polansierten Lichtes, das nur in 
emer Ebene schwingt und daher erlaubt. durch den Xnstallbau bedingte 
Richtungsabhangigkeiten des optischen Verhaltens fur die Hineraldiagnose nutzbar 
zu macben. Fur die Untersuchung von Ges teinsminera lien werden sog. Ounnschliffe 
von rund 25pm Dicke hergestellt. Die Gestemsminer ale werden in diesen dunnen 
Praparaten transparent, ihre optischen Eigenjehaften wie Lichtbrechung. 

Doppelbrechung und Absorption konnen dann 1 m durchfallenden Licht beobachtet und 
gemessen und zur Minera Idtagnose benutzt werden. Erzminerale sind i.a. bei ZSpm 
Oicke ftoch opak und werden daher in Anschliffen mit re f Lekt i er tern Licht 
untersucht; ftier sind die kennzexchnenden Eigenschaften insbesondere das 
Reflekt10nsvermogen (Helligkeit und Farbe des reflektierten Lichtes) und die 
relative Harte. 


Sehr femkorniges Material, das mikroskopisch nicht 
Wird raittsls RONTGEND[FFRAKTion untersucht. Dies* Met 
Minerals aus regelmaGxgen Atomanordnungen, den sog, 
sind, an denen Rontgenstrahlen quasi-reflektiert werd 


mehr bestimmt werden kann, 
hode beruht darauf, daft die 
Kriftallgittern, aufgebaut 
en konnen, Dabei bestoh&n 
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hestimmte Beziehungen zwischen den Abstanden der Netzebenen vonemander, der 
Wellenlange der ftontgenstrahlung und dem EinfaUswinkel der Stnfilung auf die 
Netzebenen. Fur die einzelnen Mineral* ergibt sich ein typischer Satz won 
He flaxen, deren Lag* und InUnsitat kennzeichnend sind. so dafl sie fur die 
Diagnose benutzt warden kbnnen. In MinersIgemiacben geben die relativen 
Intensitaten daruber hinaus AufschluB uber die relativen Anteile der Mineral* in 
der Probe. 


Die Bestimmung der in der Probe enthaltenen Element* kann mittels der 
HQNTGENS PEKTftALANALYSE erfolgen. Hierbei wird die Probe zur Emission ernes 
Rontgenspekt rums angeregt. das die Lmienstrahlung der in ihr entbaltenen 
Element* aufweist. Die Messung dieser Strahlung ermdgiicht die qualitative 
Bestimmung der Elemente aufgrund der Wellenlange und deren relative Konzentra- 
tionsbestimmung aufgrund der limemntena ita ten. 


Die PROBEN liegen m Form von Bruchstucken ehemals groSerer Steine vor, Probe 1 
ist anscheinend das Eckstuck ernes von ebenen Flachen begrenzten Steines, Probe 

2 ist unregelmaOig geformt. Bei Probe l sind scnon maleroskppisch drei Bereiche 
zu unterscheiden (s. Abta.l und2): 

1. Eine gelblieh-olivfarbene. vollig verglaste Oberflachenschicht von ca. D 1 mm 
Dicks, 

l. Eine schwarz-graue„ teilweise glasartig glanzende Schicht von ID-15 mm 
Starke, die von zahlreichen runden Oder langlichen Blasen durchsetzt ist 
3. Fine braunlich-rotHche ' Kernschithr , von der nur relativ geringe Anteile in 
der Probe enthalten sind. 

Probe l ist wesentlich einheitlicher aufgebaut- Sie besteht aus grau-gelb-braun- 
lichem. feinkornigem Material nut zahlreichen, unregelroaBigen Hohlraumen. die 
teilweise mit gelbem, schuppigem Material ausgefulit sind. Das Stuck ist 
oberflachlieh angewittert und dunkel gefarbt. 


Die Untersucbungen wurden vorerst auf das zur Lbsung des Problems - Xupfer- 
schlacken-? - erforderliche Mae besthrankt. Eine emgehendere Bearbeitung ist 

vorgesehen. wenn demnaebst ein umfangreicheres und reprasent*Lives Material zur 
Verfugung steht. 

Kupferschlacken mussen bestimmte ch.mi.eh. und mineralogische Eigensch,ften 
aufweisen, nacn denen bei der Untersuchung des Materials gezielt gesucht wurde: 

I C !*r entnalten lmn,er "^tgehalte an Cu. Heutige Cu-Scblacken wei* 
sen 0.3-0-8 Z Cu auf. im 19.Jahrhundert waren 1-2 1 ubllche #erte, bei vorge- 

(Mfiidl MiJr Mm*" V * inis * n p ™*«nten Restkupfer zu rechnen 

mundl. Mitt, Prof.J.Kruger, Aachen! 

2 * OMvdil Cken utT *!! ^tstandene und daraus erstarrte Semische von 

Oxyden . .. und anderer Heta Uverbmdungen. Bei metallurgischen Schmelzprozes - 

unerwun scht* ie andere in den metallischen Scbmelzprodukten 

unerwunschte Sestandteile aufnehmen*. ILUEGER Lexikon der 

Technik/Muttentecbnik S,5i8I * <*er 


Oie Prufung der Proben auf Cu und Cu-Verbindungen erfolgte mittels ftontuen- 
fluoreszenz Spektralanalyse und erzmikroskopisch im Anschliff. Dip 
lyse ergab keinen Kupfergebalt {Nachweisgrenze 0 

T/rZ* in d#n * ? / Qbt>n W<,d&r ■ etaUisc ' ,e * Cu nocf > ««te von Cu-Hineralen 
nachgewiesen. Aufgrund der fehlenden Kupfergehalte kann ei sicb bei 

untersuchten Proben also nicht urn Kupferschlacken handeln 


Spek t ralarn- 
1 l), aueh erzmifcroskopisch 
Cu-Hineralen 
den bexden 


Die fiukroskupische 0 ntsrsucfiung 
Proben nicht aus dem Schmelzflue 


im Ounnschliff und Anschliff ergibt, deO die 
iuakristaliisiert sind. Die "Keinzone" d^r 
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Probe 1 und die Probe 2 $ind in ihrem Hineralbestand und i m Gefuge auffaliend 
annlieh. Im Hikroskop sind reichlich bis miliimeter9fofle Kbrner von Quarz und 
Feldspar tPlagiokla5J zu erkennen, die in feinkorniger Matrix eingebet tet sind, 
Ihre me j. st scharfkantige. nur teilweise gerund eta Form zeigt. dad sie Trummer 
praexistenter Mineral* sind und nicht in der Matrix gebildet worden (Abb, 3K 
Hama tit in Bruchstucken und feinsten Schuppchen vorhanden und verursacht die 
rbtlich-braunliche Fsrbung. Hagnetit verrat sicb in beiden Proben durch einen 
schuiachen Hagnetlsmus, 3*in Mengenam tell ISt $*hr genng und er ist nur fliit 
starkster VergroBerung zu erkennen. in der grau-schwarzen w Ubergangszone" d*r 
Probe t 1st der Anteil der Matrix deutlich erhoht, darin treten massenha ft 
B la sen von wenigen pvn Durchmesser bis zu me h re re n mm GroBe auf, Quarze und 
Feitispate sind z.T, angefressen und deutlich sparlicher ai$ in der fternzon* 
vorhanden (Abb. 4J. 

Die rontgenographiscften Analysen ergeben, zusatzlich zu den bereits im Hikroskop 
erkennbaren Mineralen Quarz und FeLdspat, deutliche Anteile von Pyroxen [wohi 
Diopsid) und Glas. die offensichtlich nur in der feinkornigen Matrix auf treten, 
Das ftontgendiagramm der "Uhergangszone" (Abb. 5] zeigt dabei erhdhte Anteile von 
Pyroxen und Glas gegenuber der "Kemzone", entsprechend dem groBeren Anteil der 
Matrix. 

Die chemischen Analyser* der Proben (Tabelle 11 stimnen so wettgehend uberein, 
daB man fur die Proben 1 und ? gleeches Ausgangsmater 1 a1 anzunehmen hat.Die Ver- 
anderungen von Gefuge und Hineralbestand der “Ubergangszone' von Probe t sind 
demnach durcn thernusche Beanspruthung ohne merkliche chenusChe Umsetzungen 
entstanden. 

Im Zusammenhang mit weiteren Funden in der Umgebung kino die SchluBfolgerung 
gezogen werden, daB es sich bei beiden Proben um keramisches Material handelt. 
Probe 1 ist offensichtlich em Bruchstuck eines oberflichlich verglasten Steines 
aus der Feuerseitigen Ausmauerung eines Topfercfens, Probe 2 LaBt fteinen 
RuckschluB auf ihre Verwendung zu. 

Fur Informatlonen uber die Herkunft des Materials danke ich Harm Dr.N.Jansen, 
fur ftontgendiffraktometeranalysen Frau G.Siebel und fur Rontgenspektraianalysen 
Herrn Dipl.-H la.J.M artin. 
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Abb. 4 

Probet, schwarze Ubergangszone; E)imn- 
schliff 15763, ISOfache VergroBarung 
ftunde Bla$en I hall- bis dunkalgraol 
und meist kantige Quirzkorner (weiO) 
in dunkler feinkorniger Matrix. 



Abb. 5 

Probet, schwarze liber gangs zone: Ron t 
gandi f f ra k tofneterd lagramm 
0 = Quarz 

F - Feldspat (PLagioklas) 

P = Pyroxan 
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Abb. 1 

Probe t. Ouertchnitt durch Ofenstem 
Ihaflstab 5:11 

Dunkelgrau : schwarzgraue Ubergangs- 
rone mit zahlreichen eiasen und hellen 
Hineraleinechluaten 

Weifigrau : glaaige Deckscbicht lobenl 
Hittelgrau : braunlich-rotliehe Kero • 
schieht 



Abb. 2 

Probe 1, Ofenstein IHaBstab 3:1) 
Oraufucht 

Verglaste Oberfliche 



Abb. 3 

Probe 2 {analog der Kernzone von Pro- 
bei). Dunnichlif# 15183. SSOfacha Var- 
grbBergng 

Brucbstucke von Quarz (belli und Feld- 
spat (bell mit Lamellen). teilweise 
mit Reektionxiiinwn, in feinkorniger 
Matrix (grau). 
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